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PREFACE

Water scarcity has incrementally exacerbated in many parts of the world due to climate changes
compounded by population growth, overexploitation of freshwater resources, and a lack of proper
management. This upsurge has sparked worldwide interest in understanding the potential impacts
of climate change on water resources. Climate change is often entwined with alterations in both
water quantity and quality, aggravating the fast-growing water crisis. In envisioning a sustainable
future, the capability of adapting to climate change and ensuring the sustainable management of
water resources and urban planning, reflecting the urgent need for resilience and responsible
stewardship in a world where water scarcity and unpredictability are increasingly prevalent are
among the important aspects to consider. Investments in resilient infrastructure, such as flood
defenses and improved irrigation systems, are essential to cope with changing climate conditions.

Utilizing advanced technology for data collection, analysis, and modeling can help anticipate and
respond to challenges related to water resources. Governments and regulatory bodies need to
develop and enforce policies that ensure equitable access to water resources and sustainable
management practices. Collaborative approaches to water management, including the sharing of
water resources across regions and countries, can enhance resilience in the face of changing
climate patterns. Furthermore, precise definitions of regional and global action plans for climate
change need to be considered.

The conference was opened by Prof. Dr. Ali SINAG, Vice Rector, Istanbul Aydm University.
The present conference aims to be a step towards bringing together scientists, planners,
practitioners, and researchers to discuss recent issues and those expected to emerge in the future
before the problems become too perplexing to solve for a sustainable future on this globe.

Organising Committee
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CONFERENCE TOPICS

Integrated Climate Change Approach

Interactions between Irrigated Agriculture and Climate Change

Deep Learning Methods in Water Resources Management

Impact of Drought on Water Resources and Mitigation Action Plans for Scarcity
Resilience and Equity for Climate Change Adaptation

Navigating the Waters of a Changing Climate

Renewable Energy Applications in Rural Water Distraction

Adaptation and Mitigation Action Plans for Water Scarcity

Water Harvesting, Soil Degradation and Securing Land related to Climate Change
Tools and Computational Methods in Data Science for Climate, Water, and Health
Smart Irrigation Systems in Agriculture for Sustainability

Proposals for Policy Making to Address Issues arising from Climate Change
Education for Awareness on Climate Change and Water Resources Management
European Green Deal and Implementations

Artificial Intelligence (AI) Applications in Regional Climatologic Issues
Wastewater Uses and Management Technologies in Agriculture

Any other topic related to the theme of the conference are welcome
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1ST INTERNATIONAL HYBRID CONFERENCE

DAY-1: February 29, 2024 9.15-13.00 local / 6.15-10.00GMT

Zoom

Ist International Hybrid Conference ROLE OF CLIMATE CHANGE ON WATER
RESOURCES MANAGEMENT FOR A SUSTAINABLE FUTURE

Zoom Type |Zoom Webinar

Zoom ID 84536667127

Password 4441428

Zoom Link  |https://us06web.zoom.us/j/84536667127?pwd=Hz8uaKLcaApDLd4vKcar4FpkaihU7D.1

Reservation [29.02.2024 09:00 | 29.02.2024 18:00

7.00-11.00 GMT /09.00-13.00 local: REGISTRATION, ICEC-SAPHIRE HALL

6.15 -6.30 GMT
9.15- 9.30 Local

29 February 2024
WELCOME REMARKS

Conference Chair, General Director TSM, IAU Acting Rector, IAU President

Session 1: Climate Change Strategies and Policies
Chair(s): Ali SINAG, Rashmi BHARDWAJ

6.30 -7.30 GMT
9.30-10.30 Local

Invited Speaker: Water, Water Everywhere! A Systemic Approach to Sustainability
Knowledge & Assessment. Scott G. BLAIR, Aurélien DECAMPS, Sulitest Impact, France

Water Management in Punjab, Pakistan with community participation: A step towards
sustainable water use. Saira AKHTAR, Sobia MAQSOOD, E. ASHRAF, UAF, Pakistan.

Rainwater Management Policies in Istanbul: A Comparable Analysis. Zelha ALTINKAYA,
Yalova University, Tiirkiye

7:30 - 8.00 GMT
10.30 -11.00 Local

BREAK / GROUP PHOTO

Session 2: Water Resources AnalysisTools and Techniques
Chair(s): Sajid MAHMOOD, Eman EL-SARAAG

8:00-9:30 GMT
11:00-12:30 Local

Invited Speaker: A Sustainable Water and Mineral Recovery Technology:
Eutectic Freeze Crystallization, Elif GENCELI GUNER, ITU, Tiirkiye

Assessing River Flow Patterns in the Context of Climate Change: A Machine Learning
Framework Vinita Sangwan, Rashmi BHARDWAJ GGSIPU, India

Application of EM with Machine learning approach for the estimation of water quality
parameters. S. Garg, R. BHARDWAj, GGSIPU, Delhi, India

Investigation of Extreme Weather Events: Istanbul International Airports Example. R. Yimit,
E.Tuncay OZDEMIR, ITU, Istanbul, Tiirkiye

Possible Changes in Evapotranspiration Under the Influence of Climate Change in Selected
Provinces of Tiirkiye. M. AZLAK, Levent SAYLAN, iTU, Istanbul, Tiirkiye

Contribution by Students Club: ITU Club — METAR, Yaren KOSE, IAU Club.

General Evaluation
Chair(s): Chair(s): Levent SAYLAN

9:30-10:00 GMT
12:30-13:00 Local

Discussion on joint research programs, applications and publication / a network like UNIMED,
to briefly mention what UNIMED is doing in this perspective and to encourage a stronger
partnership among research and education actors in the MED Region, Marcello SCALISI,
Director UNIMED, Rome, Italy
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DAY-2: March 01, 2024, 9.00-18.15 local / 6.00-11.00 GMT
JAU T BLOCK-1, PURPLE HALL

7 oom Ist International Hybrid Conference ROLE OF CLIMATE CHANGE ON
WATER RESOURCES MANAGEMENT FOR A SUSTAINABLE FUTURE

Zoom Type |[Zoom Webinar
Zoom ID 89497701988
Password 4441428
70om Link lllttps://us06web.zoom.us/j/89497701988?pwd=waerySg2yIAoErOAJcAB4nc8ETxh.
Reservation [01.03.2024 09:00 | 01.03.2024 18:00

6.15-6.30 GMT 01 March 2024

9.15- 9.30 Local WELCOME TO THE PARTICIPANT

President, IAU; Rector IAU, ITU, Adiyaman Univ., Gn. Director TMS, Ankara

Session 3: Technological Solutions for Agriculture and Water Use
Chair(s): Metin GER, Scott G. BLAIR

6.15-8.00 GMT
9.15-11.00 Local

Invited Speaker: The atmospheric dynamics contributing to the occurrence of drought over
North America and Eastern Europe, Anthony R. LUPO, University of Missouri, USA
Invited Speaker: Artificial Intelligence Wavelet Conjunction Fractal Analysis of Water
Quality Bhardwaj, RASHMI, GGSIPU, Delhi, India

Invited Speaker: Environmental threats to water-world and their control strategies,
Jehangir K. SIAL, FAE&T, UAF, Pakistan

Invited Speaker: Scenarios of future changes in water stress under the influence of climate
changes and increasing demands, Rovshen ABBASOV, Khazar University, Baku, Azerbaijan

Sensitivity Analysis of Physical Process and Simulation in WRF-ARW Model for Medicane in
West of Tiirkiye. S. A. SIRDAS and Muhammet Mert CIRAK , ITU; Tiirkiye.

Global ramifications of inadequate solid waste management and its influence on climate change,
Jasir Mushtaq & Zeyneb KILIC, Adiyaman University, Tiirkiye

Sustainable Water Management: Rainwater Harvesting, Vildan BAYRAM, Istanbul Aydin
University, ABMYO, Istanbul, Tiirkiye

The Effect of Climate Change on Flood Water Levels, Burhan YILDIZ, Onur ATALIK, Aytun
EKEROGLU, Beyza Nur YUVALLI, Mugla Sitki Ko¢gman University, Tiirkiye

8:00 - 8.30 GMT BREAK
11.00 -11.30 Local

Session 1.2 (Cont.): Climate Change Strategies and Policies
Chair(s): Esref ADALIL Rovshen ABBASOV

8.30-9.30 GMT - —— .
11.30-12.30 Local Safran, the golden plant growed in the dry season, A. TOKGOZLU and K. TEMURCIN,

Invited Speaker: High-resolution future SSP 8.5 scenario results over Tiirkiye: The
impact of climate change on water budgets of snow-dominated basins, ismail
YUCEL, METU, Ankara, Tiirkiye

The Potential of Olive Production in The Kegiborlu District. A. TOKGOZLU, T. A. TIK, SDU,
Isparta, Tiirkiye

SDU, Isparta, Tiirkiye

Impact of Varying Climatic Conditions on Irrigation Water Demand and Food Availability Kajal
Chaudhary, Rashmi BHARDWAJ, USBAS, GGSIPU, Delhi, India

Assessment of Drought Risk and Adaptation Strategies to Climate Change in Tunceli: SPI and
RDI Analysis, Meral KORKMAZ,” Munzur University, Tunceli, Tiirkiye.

Investigation of the climate change and meteorological drought in coastline of Eastern Black Sea
Region, Baris AYDIN, Osman UCUNCU, TSM, Trabzon, Turkey.
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9:30-10.30 GMT
12.30-13.30 Local

LUNCH/ GROUP PHOTO

Session 3.2 (cont.): Technological Solutions for Agriculture and Water Use

Chair(s): Kasim KOCAK, , Sevin¢ A. SIRDAS

10.30-12.00 GMT
13.30-15.00 Local

Invited Speaker: Climate change predictions over Tiirkiye and effects on water resources:
Example of Euphrates Tigris river basin, E. SALKIM, Yurdanur S. UNAL, [TU, Istanbul,
T

Invited Speaker: Climate Change and Winter Drought, Naseer GILANI, DFI Pakistan

Purification of Industrial Water By Plants For Irrigation Purposes, Abida KAUSAR and Ayesha
ATHER, Government College Women University Faisalabad, PAKISTAN

Use of Straw Water Holder in Agriculture, Funda DOKMEN, Kocaeli University, TURKIYE.

Influence of climate change conditions on phytomass production of perennial grass in and
ecosystems of Tunisia, Lobna Mnif FAKHFAKH and Mohamed CHAIEB, Tunisia

Monitoring and Management of Groundwater in Pakistan for Sustainability of Agriculture and
Rural Livelihood, Saira AKHTAR, Ghulam Zakir Hassan SIAL, /R/, Pakistan

Causes and Effects of Climate Change on Human Health, Agriculture, Food Security
Muhammad Saeed, Sajid MAHMOOD, Sumera KHALID, Hafiz Abdur REHMAN,
Zeyneb KILIC, Zafer ASLAN, Sarfaraz HASHIM, IWASRI, Pakistan

Review of Brine Treatment in Reverse Osmosis Deanilation Plants Utilinzing Membran
Technologies, Oluwasen Emmanuel BABAJIDE, Mustafa Burak DOGANAY, Aydin
CIHANOGLU, Mehmet Kamil MERIC, Nalan KABAY, Tiirkiye

12.00- 12.30 GMT
15.00 -15.30 Local

BREAK

Session 4: Education and Awareness
Chair(s): Funda DOKMEN, Hasan Hiiseyin BALIK

12.30-14.00 GMT
15.30-17.00 Local

Invited Speaker: Nature — Climate — Human Result: A case study on Lake Egirdir, E.
ADALL ITU, Istanbul, T tirkiye

Invited Speaker: Assessing environmental impacts of irrigation project water resources, in
reservoir areas, Y. AHIL, O. DENIZ, F. DOKMEN, A.H. ORTA, University of Tekirdag Namik
Kemal, KOU, Tiirkiye

Invited Speaker: The Impact of Disruptive Technologies Like Industrial Internet of Thins,
Digital Twin, Collaborative Robots and AI for driving digital transformation for a
sustainable environment, Wasim RAAD, IAU; Tiirkiye

Education for Awareness on Climate Change and Water Resources Management around the
Mediterranean Basin: Tunisia as an example, Mohamed F. KADHKADHI and S. KAMOUN-
CHOUK University of Manouba, Tunisia,

Water Resources Management under Climate Change, Inderjeet, Rashmi BHARDWAJ
USBAS, GGSIPU, Delhi, India

Evapotranspiration modelling for efficient water resources management: a comparative study of
takagi-sugeno fuzzy system and generalized regression neural network models-case of study
semiarid regions -Algeria , Assia MEZIANI University of EI-Oued, Algeria

The Nexus of Climate Change and Economic Growth in the Cities Of Developing Country,
Umer HAYAT, Muhammad KHAN and Zeyneb KILIC Adiyaman University, Tiirkiye.

Session 5: Miscellaneous
Chair(s): ismail GULTEPE, Hasan A. HEPERKAN

14.00-15.00 GMT
17.00-18.00 Local

Invited Speaker: Investigation of the Thunderstorm Statistics and Stability Indices Istanbul
Airport, Tiirkiye, Oguzhan Kolay, Bahtiyar EFE, Emrah Tuncay Ozdemir, Zafer ASLAN

An Analysing of The Unplanned Urbanization on The Environment of Peshawar, Khyber
PAKHTUNKHWA, Muhammad KHAN, Zeyneb KILIC, Adnan SALEEM, Pakistan

A Principled Approach to Using Large Language Models in Meteorological Fact-Finding, Erkin
OTLES and Zekai OTLES, USA

12
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Reducing the Risk of Water Contamination: The Approach of CBRN Aftermath, Volkan
BALCI, Halil Can ATES, MELTEM Delimanlar, Mahmed Sari NJJAR, Ahmet KOLUMAN,
Mogul Tekstil, R&D Center, Gaziantep, - Pamukkale Universiy, Denizli, Tiirkiye

Global Warming, Water Scarcity, and Microplastics: A Control Approach with Nonwoven
Filters, Volkan BALCI, Halil Can ATES, Hiiseyin KARABACAK, Karhan Kaan
Eskidemir, Mahmed Sari NJJAR, Ahmet KOLUMAN - Mogul Tekstil, R&D Center,
Gaziantep, Pamukkale Universiy, Denizli, Tiirkiye

Reduction of Hot Water Consumption by Using Water Efficient Appliances: A Sport Centre Case
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Water, Water Everywhere!
A Systemic Approach to Sustainability Knowledge & Assessment
A Systemic Approach to Assessing Student Sustainability Knowledge of Water

Vis-a-vis the Role of Climate Change on Water Resource Management

Scott G. Blair, PhD, Content Development Editor, Sulitest Impact, scott@sulitest.org

Aurélien Decamps, PhD, Co-Founder, Sulitest, aurelien@sulitest.org
© 2025 by Sulitest Impact

Introduction

This study provides provisional insights into the many principles, properties, and roles of water as they
locate within the cognitive landscape of sustainability knowledge as defined and structured by Sulitest
TASK™—The Assessment of Sustainability Knowledge. Designed by Sulitest in 2023 as an external
assessment instrument for higher education institutions (HEI) committed to addressing the 2030
Agenda for Sustainable Development through both transformative curricular change (Mezirow, 1997,
Moore, 2005) and pedagogical innovation (Blair, 2024), TASK™ is an online, standardized, certificate-
bearing, 112-multiple-choice psychometric test of sustainability knowledge providing reliable and
comparable data across 28 subject areas and within 4 types of knowledge.

The knowledge assessed by TASK™ is structured by the Sulitest Knowledge Matrix which is based
primarily upon the 17 Sustainable Development Goals (SDGs), the research by The Stockholm
Resilience Centre on the nine planetary boundaries (Steffen, W. et al, 2015), the research agenda on
Doughnut Economics (Raworth, 2017), and the UN analysis of the Science for Achieving Sustainable
Development (Messerli et al., 2019 United Nations.) TASK™ explores the multiple interactions between
the domains of Earth science, the SDGs, and the levers of action and opportunity available to humans
that make sustainability possible.

As such, the model of sustainability knowledge is operationalized via a foundational matrix organized
into three frameworks:

1. Earth Systems — This framework includes two domains: core planetary boundaries and
regulating planetary boundaries, both of which indicate the safe operating space for humanity.
Together, these domains constitute the “environmental ceiling” of the Earth Systems
framework.

2. Human Welfare — This framework includes three domains: safety and basic needs for all,

social welfare for people, and elements that contribute to human flourishing. Together, these
domains constitute the “social foundation” of the Human Welfare framework.
3. Levers of Opportunity — This framework includes four domains: governance, economy and

finance, science and technology, and individual and collective action. Together, these domains
indicate the “levers of opportunity” or action that make sustainability possible.

A more granular view of the content of the 28 subjects included in the three frameworks is provided
in a bank of 28 Navigational Charts designed by the Sulitest research and content staff. The content of
each TASK™ NavChart includes: a grounded definition of the sustainability subject at hand, a list of 10-
12 key ideas that relate to the subject, and bullet-point examples and descriptions that detail the
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content of each key idea. As an example, the NavCharts for matrix subject 1.2.1 on Freshwater Use,
and 2.1.3 on Access to Water and Sanitation, are provided below in Annex 1.

Within this context, the purpose of this study is thus two-fold. First, to identify where the concept of
water in its many manifestations “scatters” across the landscape of sustainability knowledge. Second,
to quantify the level of knowledge about water held by students in higher education today. The data
for the second part of this research is based upon a sample of 11,500 students attending over 50 HEI
who took part in a TASK™ assessment in the one-year period between March 1, 2023, and February
29, 2024. One year later in February 2025, the data set stands at approximately 37,000.

Part 1. The Place of Water Within Sustainability Knowledge

While the primary purpose of the NavCharts is to inform a process of reviewing and revising course
learning objectives and corresponding curricular content in line with the construct of sustainability
knowledge, for the purpose of this study, we use the bank of 28 NavCharts to identify the place of
water within the cognitive landscape of sustainability knowledge. To achieve this, we subject the
NavCharts to a word search for the following terms: water, hydro, flood, wetland, rain, sanitation.
Across the three frameworks, this word search found 228 uses of these terms—113 in Earth Systems,
102 in Human Welfare, and 13 for Levers of Opportunity. It is without surprise that most terms
congregate around only two subjects: Freshwater Use and Access to Water and Sanitation, with 75 and
81 appearances respectively. The only other subjects that reveal a relative concentration of such terms

are Biogeochemical Flows. (15) and Infrastructure, Planning, and Natural Resource Management (9).
All other subjects tallied 5 or fewer terms. Seven subjects tallied only 1 and four subjects tallied 0
terms. See Figure 1 below.
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Woater within the Sulitest TASK™ Matrix of Sustainability Knowledge

Word search in TASK™ Navigational Charts: water, hydro, wetland, flood, rain, sanitation

Figure 1. Water-related Topics in TASK Matrix

For the sake of simplicity in this article, when identifying the many key ideas to which the six water-
related terms most frequently relate within sustainability knowledge, we use the word “water” to
represent them all. Similarly in such a short article, we can only present but a selected sample of
representative examples, as indicated below.

Knowledge of Water within the Planetary Boundaries of Earth Systems

Considering the nine subjects of the Earth Systems framework, and for the subject of Climate Change,
water relates to the greenhouse effect, climate change impacts, and climate change mitigation: (e.g.,
water vapor, scarcity, flooding, wetland restoration, etc.). For Biosphere Integrity, water relates to
ecosystems, direct drivers of biodiversity decline, ecosystem services, and sustainable marine and
coastal governance: (e.g., freshwater ecosystems, water-borne pollution, freshwater quality and
guantity, international and coastal waters, etc.). For Land-System Change, water relates to land uses
and land ecosystems, ecosystem services, and agricultural expansion and intensification: (e.g.,
wetlands, water provision, water pollution, etc.). For Ocean Acidification, water relates to principles
of ocean acidification, anthropogenic causes, and water ecosystem and acidification beyond the
oceans: seawater composition, rainfall/runoffs, brackish water etc.). For Novel Entities, water relates
to household and commercial chemicals (PFAS), release of NEs into the environment, and use and
impact in farming and agriculture: water-resistant fabric, acid rain, hydrological contamination, etc.).
For Biogeochemical Flows, water relates to the water cycle, nitrogen cycle, phosphorus cycle,
eutrophication, impacts of biogeochemical disruption, water restoration and management strategies:
(e.g., acid rain wastewater discharge, contamination, drinking water, water quality, water treatment,
wetlands, etc.). For Atmospheric Aerosols Loading, water relates to impacts on ecosystem, and

Framework Domain Subject Frequency
1.1.1 Climate Change S
1.1 Core Planetary Boundaries
1.1.2 Blosphaere Integrity 5
1.2.1 Freshwater Use
1.2.2 Land-System Change 3
1. Earth Systems - 1.2.3 Ocean Acidification 3
The Environmental Ceilling
1.2 Regulating Planetary Boundaries 1.2.4 Novel Entities 4
1.2.5 Blogeochemical Flows 15
1.2.6 Atmosphaeric Aerosols Loading 2
1.2.7 Stratosphaeric Ozone Deplation 1
Subtotal 113
2.1.1 Nutrition 2
2.1.2 Health 2
2.1 Safety and Basic Needs 2.1.3 Access to Water and Sanitation | 81 |
2.1.4 Housing and Human Settlements 4
2.1.5 Access to Energy 4
2. Human Welfare 2.2.1 Basic 1
The Social Foundation R e
2.2 Social Welfare 2.2.2 Social Equity 3
2.2.3 Gender Equality 1
2.3.1 Education and Culture 1
2.3 Human Flourishing 2.3.2 Peace, ) and Political Voice 2
2.3.3 Access to Networks and Social Interaction 1
Subtotal 102
3.1.1 Laws, Policies, and Institutions 0
3.1 Governance
3.1.2 Inf ucture, Pl ing, and N I Resource Manag 13 9
o = 3.2.1 Macroeconomic Considerations and Finance 1
- conomy an inance
3. Levers of Opportunity 3.2.2 Microeconomic Considerations, Business, and Industry 0
That Moake Sustainability 3.3.1 Sustainability Scie o
Possible 3.3 Sol nd Technol 2 SRR Lo
ence s e 3.3.2 Technology and Innovation 2
341T i h.
3.4 Individual and Collective Action e O e Change 1
3.4,2 Cognitive Capacity for Sustainability 0
Subtotal 1 13
Total | 228
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climate and weather effects: (water acidification, acid rain, etc.). For Stratospheric Ozone Depletion,
water relates ozone-depleting substances (e.g., wastewater). For Freshwater Use, water relates to key
ideas almost too numerous to list: natural water cycles, types of blue water, green water, misuse of
freshwater, water pollution, threats to water resources, freshwater ecosystems, water scarcity and
overabundance, water governance and policy, and sustainable freshwater use and management: (e.g.,
groundwater, water rights, access to water, saltwater intrusion, waterborne disease, water wars,
virtual water, etc.).

When searching for water within the planetary boundaries’ framework as structured in the TASK™
Earth Systems matrix—as we have just done—a few recurrent themes emerge. These include the
importance of water to life and food chains, the consequences of both water scarcity and water
abundance, the role of water in weather patterns, the importance of water to the health of multiple
and discrete ecosystems, the challenge of minimizing and managing wastewater and water pollution,
the critical role water plays in regulating planetary boundaries, and the important but relatively little-
known role of water within Eart’s biogeochemical flows.

Knowledge of Water within the Social Foundations of Human Welfare

Considering the eleven subjects of the Human Welfare framework articulated by the TASK™ matrix,
and for the subject of Nutrition, water relates to the environmental impact of food production, and
food loss and waste: (e.g., water pollution, water waste, etc.). For Health water relates to health
determinants: (access to clean water and sanitation). For Housing and Human Settlements water
relates to waste generation and management: (sanitation, hygiene, etc.). For Access to Energy, water
relates to renewable energy, fossil fuel impacts, and energy transition: (e.g., hydropower acid rain,
hydroelectricity, etc.). For Basin Income and Decent Work, water relates to the structure of poverty:
(e.g., access to water). For Social Equity, water relates to definitions of inequality, and rights to land,
property and natural resources: (e.g., access to water and sanitation water privatization, water mining,
etc.) For Gender Equality, water relates to leveraging women in the community: (e.g., privatization of
water, water provisioning, etc.) For Education and Culture, water relates to education for sustainable
development: (e.g., systems-thinking vis-a-vis water cycles, etc.) For Peace, Justice, and Political
Voice, water relates to economic, social and cultural rights, and the impact of corruption on such
rights: (e.g., access to water, water and waste management, etc.). For Access to Networks and Human
Interaction, water relates to sustainable communities: (e.g., access to recreational water facilities).
For Access to Water and sanitation, water relates to key ideas almost too numerous to list: global
freshwater cycles, access to water, drinking water, sanitation and hygiene, water use efficiency,
freshwater use and misuse, water recycling, wastewater management, water resources management,
and water and sustainable development: (e.g., water stress, transboundary water, water exports,
water quality, water harvesting, water leakage, water rights, water desalination, water farming,
wastewater treatment, water and gender, etc.)

When searching for water within the social foundation framework of the UN Sustainable Development
Goals as structured in the TASK™ Human Welfare matrix—as we have just done—another set of
recurrent themes emerges. These include the importance of water to human life, health, basic
hygiene, and human dignity. Social justice themes include equitable access, access to water at the
nexus of social justice, and the dangers that water scarcity portend vis-a-vis social violence and
international conflict.
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Knowledge of Water within Levers of Action and Opportunity

Considering the eight subjects of the Levers of Opportunity framework, and for the subject of
Infrastructure, Planning, and Natural Resource Management, water relates to infrastructure

management, “green” transition planning and management, critical raw materials extraction, and
water resource management: (e.g., water distribution systems, wetlands management, water
pollution, water use in mining, groundwater contamination, water footprints, etc.) For Microeconomic
Considerations, Business, and Industry, water relates to sustainable supply chain management: (e.g.,
water footprints). For Technology and Innovation, water relates to renewable energy, and emerging
environmental technologies: (e.g., hydropower, water technology, etc.). For Transformative Change,
water relates to climate activism: (e.g., acid rain, ecosystem protection, etc.)

When searching for water within the framework of the Global Sustainable Development Report 2019:
The Future is Now — Science for Achieving Sustainable Development as structured in the TASK™ Levers
of Opportunity matrix—as we have just done—a final set of recurrent themes emerges. These include
the challenge of managing water resources equitably and sustainably in the context of increasing
demand by industry, agriculture, and human demography, as well as the dangers of water scarcity to
both domestic, cross-boundary, and international peace.

Part 1 Initial Findings: Water Within the Construct of Sustainability Knowledge

1. Water is an integrated, organic, and systemic component of sustainability, and thus of
sustainability knowledge.

2. Water and its many related dynamics and influences are heavily concentrated in the planetary
boundary of Freshwater Use within Earth systems.

3. Water and its many related dynamics and influences are also heavily concentrated in Access
to Water and Sanitation within Human Welfare (See SDG-6 on Clean Water & Sanitation).

4. Water is substantially present in the less well-known planetary boundary of Biogeochemical
Flows.

5. Water management is critical to tomorrow’s challenges and solutions concerning
Infrastructure, Planning, & Natural Resource Management.

6. Water (and particularly the lack of water) constitutes a significant risk of becoming a source of
tension and potential conflict at multiple levels of analysis: individual, local, regional, national,
and international.

While water has traditionally been conceived as a specialized domain of knowledge within the
environmental, physical, and meteorological sciences, the TASK™ matrix and corresponding TASK™
Navigational Charts defining the content and boundaries of sustainability knowledge reveal water to
be an essential and substantive part of knowledge that cuts across the physical, social, human, and
cultural sciences. As such, knowledge of the systemic and integrated role water plays in Earth systems,
in the social foundations of human welfare, and in action-based solutions to the Earth crisis—is an
essential part of sustainability knowledge. In short, there is no pathway to a sustainable future if
humans lack systemic, integrated, and transdisciplinary knowledge of water and the role it plays,
primarily in supporting life, but also in sustaining organized, advanced societies.
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Part Il. Assessing & Evaluating Knowledge of Water Among Students in Higher Ed

For each knowledge subject, individual TASK™ scores are calculated according to three distinct criteria:
the number of questions answered, the number of questions answered correctly, and the parameters
associated with each question (i.e., its difficulty level, its ability to discriminate, and its place within
the TASK™ matrix). The third criterion means that correct answers to questions with a greater degree
of difficulty result in additional points for that question. As such, the final aggregate score reflects
more than just the number of correctly answered questions out of 96—the model geometrically
transforms these variable into a score between 0 and 100. As mentioned above, the data for the
second part of this research is based upon a sample of 11,500 students attending over 50 HEls who
took part in a TASK™ assessment in the one-year period between March 1, 2023, and February 29,
2024. It is these scores that serve as a proxy for evaluating student levels of sustainability knowledge
within the 28 TASK™ subjects.

Average Score per Subject

Freshwater Use Access to Water
and Sanitation

A 4

1. Earth Systems 2.Human Welfare 3. Levers of Opportunity

Based on current sample of 11500+ TASK takers in about 50 universities

Figure 2. Average Score Per Subject

As indicated in Figure 2 above, for the two main TASK™ subjects focused directly on water—
Freshwater Use, and Access to Water and Sanitation—aggregate average scores are below and well
below the average score of each of the two frameworks, respectively 47.6 (vs. 50.3) and 44.3 (vs. 50.1).
For the Earth Systems framework, only the subject of Biogeochemical Flows is significantly lower. For
the Human Welfare framework, Access to Water and Sanitation is the lowest score. It is clear that
knowledge around water-related topics is, for example, significantly lower than that on Climate
Change or social inequalities around Nutrition, Health, Basic Income, Gender Equality, or Education
and Culture. Tentative conclusions might posit these relatively lower knowledge scores reflect general
characteristics of the test cohort—for the former framework, a largely urban population having little
direct experience of the use and management of freshwater that mainly takes place in rural and non-
urban spaces; and for the latter, a largely affluent population living in high-income countries and cities,
with little or no experience of the common struggles in low-income countries for Access to Water and
Sanitation. Nevertheless, these low scores are in sharp contrast to the main conclusion of Part 1 of this
study—i.e., the ubiquitous presence of water in the world around us and its constant reality to us as
an essential daily need. This gap has important educational implications.
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Figure 3. Average Score per Type of Knowledge

When looking at scores for these same two TASK™ knowledge subjects across the four distinct types
of knowledge of descriptive, contextualized, causal, and integrated (see Figure 3 above), we see that 6
of the 8 values are below or well below the aggregate average TASK™ score of 50.4, with Current State
and Trends for both frameworks significantly below the global average. Foundational knowledge and
understanding of basic concepts are less developed for these two frameworks. So, while students’
knowledge of the aspects of water in these two frameworks is strongest when presented in the context
of interlinkages, i.e., “cause and consequence,” they have acquired considerably less knowledge in
identifying basic definitions and key concepts, and in gauging current orders of magnitude vis-a-vis
trends, particularly as applied to Access to Water and Sanitation.
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Figure 4. Average Score by SDG

It is also instructive to view data on student sustainability knowledge as structured by the UN
Sustainable Development Goals (SDG). As each TASK™ question is tagged to one or more of these
goals, it is possible to disaggregate the data for each of the 17 SDGs (See Figure 4 above), and thus
provide insights into student knowledge around SDG-6 Clean Water and Sanitation and by extension,
its 8 specific targets. Consistent with trends found in the TASK™ matrix, the aggregate average score
for SDG-6 is among the lower values for all SDGs. Of course, such descriptive statistics are but early
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indicators of student knowledge around water-related themes, but they suggest a need to enhance
knowledge on water-related subjects within the larger teaching and learning ambitions of the UN 2030
sustainability agenda
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Figure 5. Spearman Correlation Matrix
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Finally, the TASK™ assessment instrument also provides data for mapping correlations both within
TASK subjects and within SDGs, thus providing a means of demonstrating the system and integrated
nature of sustainability (See Figure 5, above). In this manner, we see that SDG-6 (and to a lesser extent,
SDG-14 on Life Under Water) is most highly correlated with SDG-12 on Responsible Consumption and
Production meaning that as knowledge consolidates around habits and patterns of individual and
collective consumption and production, so too does it consolidate around knowledge of water-related
themes, as applied both to human and non-human populations. Similarly for SDG-6, there are clear
yet less strong correlations with SDG-13 on Climate Change, SDG-3 on Good Health and Well-Being.
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Conclusion

The epic poem of Samuel Taylor Coleridge, The Rime of the Ancient Mariner (1798), serves as a useful
parable helping account for the quantity, structure, and context of student knowledge around water-
related themes, as applied to the role of climate change on water resources management for a
sustainable future, and as revealed through data generated through the recently released assessment
instrument called TASK™—The Assessment of Sustainability Knowledge.

“Water, water, every where,
And all the boards did shrink;
Water, water, every where,
Nor any drop to drink.”

Samuel Taylor Coleridge, lines 119-122

While water plays a key role in regulating Earth’s planetary boundaries, constitutes a basic social
foundation of human welfare, is a daily and essential necessity for all life on Earth (both human and
non-human), and (for most people in high-income countries) is so abundant, accessible, and affordable
as to be “taken for granted” —general knowledge about its basic principles, properties, and roles is
noticeably lacking. This has important implications for the agenda of education for sustainability.

This is because, as we learn more about the cognitive landscape of sustainability knowledge across
international higher education via TASK™ The Assessment of Sustainability Knowledge, we find that
while the presence of water is everywhere, there’s surprisingly little thirst for knowledge about it. To
build a sustainable future, educators will want to address this important knowledge gap vis-a-vis water
resources management.
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Abstract

Pakistan's Indus Basin has the largest irrigation system in the world, yet it is not enough to meet the needs of an increasingly
dependent agricultural economy. Insufficient supply of canal water combined with ongoing pressure is forcing irrigators to
draw more groundwater. Uncontrolled extraction is causing groundwater quality to decline and has significantly dropped
water tables. The only option to support a growing population and economy is to raise cropping intensity and use high-yielding
crop types, yet this is putting more strain on groundwater resources. This study's main objectives are to improve farmers'
livelihoods and conserve water. In two case study sites, a co-inquiry method was employed to obtain a comprehensive grasp
of the local context. In order to comprehend how groundwater consumption and water conservation practices vary along the
distributary's length, each case study concentrated on a single canal distributary in the Indus Basin. Water-efficient irrigation
techniques are not widely used despite incentives to do so due to maintenance costs and a lack of competent labor. Although
farmers are aware of the need to preserve water, they continue to employ flood irrigation as their primary technique due to
the low cost of supplies and government-subsidized energy. The preference of rural young people to abandon farms in order
to find work elsewhere raises additional concerns about the future. Another factor is gender, for example, women prefer to

irrigate with groundwater because it is easier to obtain for herding and cultivating vegetables. They are also in charge of

water use in homes. When it comes to promoting water conservation, women can be very active. It is possible to adopt best-
practice technology and cropping techniques, but they must be economical, easily accessible, and well-liked by the community.
This means that in order to instill a sense of ownership and accountability as a delegate, community-centered initiatives are
required, and a self-centered approach is prohibited.

Keywords: Indus Basin Irrigation, Water, Groundwater, Women, Youth, Pakistan, Agriculture
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RAINWATER MANAGEMENT POLICIES IN ISTANBUL : A
COMPARABLE ANALYSIS

Zelha Altinkaya

Yalova University

E-mail:zelha.altinkaya@yalova.edu.tr

Abstract

Policies on water management have gained more importance due to the effects of climate change felt deeply in most parts of
the World in the last decades. The extraordinary weather conditions make water supply unsteady. The policies for rainwater
harvesting, reuse, and management of water have been under discussion in many countries like the EU. The policies arrange
protection of inland surface waters, transitional, coastal and groundwater. Policies aim to avoid and diminish pollution,
support sustainable water use, protect the environment and reduce the effects of floods and droughts. Specifically, policies
applied in Germany are considered as a good practice of water management. This paper aims to analyze the policies applied
for utilization of rainwater in Istanbul, Tiirkiye. The analysis will be based on a comparable analysis with Germany. Istanbul,
located in the Mediterranean region, is one of the most crowded cities in the World with a population of 16 million people,
officially, and 24 million people who are visiting business, touristic purposes in a day. The rising demand for drinking water
and management of wastewater are critical concerns in Istanbul, especially, when it is considered that Istanbul is subject to
extraordinary weather conditions due to climate change. A comparable analysis methodology will be used.

Keywords: climate change, rainwater, Istanbul
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A SUSTAINABLE WATER AND MINERAL RECOVERY
TECHNOLOGY: EUTECTIC FREEZE CRYSTALLIZATION
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The world’s total energy consumption and industrial water usage are sharply increasing. Without
implementing precautions and innovative changes, these increases are expected to steepen further
due to population growth. This situation is connected to environmental issues and the water crisis.
Approximately 88.7% of the Earth's water is salty, and over two-thirds of fresh water is frozen in
glaciers and polar ice caps, leaving only 0.9% available for human use. Although freshwater is a
renewable resource, the global supply of clean freshwater is steadily declining. In many regions,
water demand already exceeds supply, and as the world population continues to rise at an
unprecedented rate, even more areas are likely to encounter this imbalance in the near future. It is
estimated that 15-20% of global water use is for industrial purposes, accounting for 4% of total water
consumption. Overall, 52% of worldwide water use is consumed. The prices of nonrenewable energy
sources such as petroleum, coal, and gas are rising dramatically. Therefore, developing true
renewable sources like solar energy is essential for a more efficient future.

In the process industry, separation technology is essential, as very few processes are completely
selective. However, separations can be costly in terms of both equipment and energy. In fact,
separations account for over half of the costs associated with equipment and energy in this industry.
Economic challenges, global competition, and increasingly strict environmental regulations drive new
equipment and technology developers to reduce exergy use, waste generation, equipment size, and
investment costs, leading to more sustainable and safer technologies. A significant amount of exergy
could be conserved through more efficient separations. Moreover, substantial quantities of valuable
industrial agueous streams that are currently too energy-intensive to treat and are typically disposed
of could instead serve as raw material for those valuable resources if the necessary technology were

available, turning a burden into an opportunity.
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New technologies, such as reverse osmosis, multi-stage evaporation with mechanical vapor
recompression, and combined heat and power generation, have significantly improved efficiency in
various types of aqueous process streams and procedures. However, no efficient technology is
currently successfully available for systems with higher salt or acid concentrations.

Eutectic Freeze Crystallization (EFC), a technology developed for recovering valuable dissolved salts
and water from aqueous streams, will be presented in this work. By utilizing EFC, process streams
that currently generate large amounts of saline waste can be treated in an environmentally and
economically sustainable way. This technology delivers extremely high levels of purity for end
products and eliminates undesirable side effects, such as toxic fumes and the necessity for additional
chemicals in wastewater treatment. Additionally, it can be applied in the food and pharmaceutical
industries, where high-temperature operating conditions must be avoided to maintain product
quality. EFC shifts the focus from cost to value by introducing a new separation process that
transforms waste into raw materials through a low-energy, energy-efficient approach based on
physical calculations.

Eutectic freeze crystallization has the potential to replace existing technologies and enable the design
of entirely new processes by introducing a novel unit operation. For instance, a new process that
utilizes reverse osmosis for the initial concentration step of up to 5 wt% salt, while an EFC stage
produces crystalline products and cleaner water, integrates the two technologies at their most
effective points. By meeting standards for safety, sustainability, economics, and ecology in aqueous
stream treatment, Eutectic Freeze Crystallization is poised to be a leading technology candidate for
the upcoming decade.

The term crystallization, as understood in the chemical industry, refers to forming a dispersed solid
phase from a fluid that is either a solution or an impure melt. Most inorganic compounds and many
organic substances crystallize from solution in the eutectic system. At the eutectic point, both ice and
salt deposit simultaneously. The two crystallized solid products, namely ice and salt, are separated
gravitationally based on their density differences. Salt crystals sink to the bottom of the solution,

while the ice crystals rise to the surface as illustrated in Figure 1.
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Figure 1. Separation principle of Eutectic Freeze Crystallization

EFC operates at the eutectic temperature and composition of aqueous solutions, allowing it to treat a
wide range of feed solutions without requiring additional solvents or chemicals. EFC can be seen as a
blend of cooling and freeze crystallization. With a 100% theoretical yield and up to 90% savings in

exergy costs, EFC technology is especially attractive.

Over the past thirty years, researchers have explored the potential of EFC technology in various
cases. These typically involve industrial wastewater or process brines containing NaNOs, CuSQ,,
NsH,PO4, NaCl, KCl, KNOs-HNOs;, MgS0,;, Na,COs-NaHCOs;, Na,SO,, HsBOs, lactose, sodium
erythorbate, and boron compounds as well as systems like reverse osmosis plant concentrate from
the mining industry, tap water, and theoretical cases for seawater and stored urine waste treatment.
The first full-scale EFC plant was established in South Africa for the treatment of coal mine waste,
following the promising results of prior practical applications for MgSOs and water recovery
demonstrations in Veendam, The Netherlands, as well as for NaHCO3-Na,COs; and molybdenum

recovery in Rotterdam, The Netherlands, during 2005 and 2007.

In summary, EFC emerges as a financially rewarding and sustainable long-term technology. All
investigations conducted thus far have demonstrated its value as an innovative method for purifying
and recycling waste solutions. This appealing technology aims to achieve a zero-waste discharge by

transforming waste into raw materials.

Keywords: Eutectic Freeze Crystallization, wastewater treatment, zero-waste discharge
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Abstract

This study investigates changes in river flow patterns attributed to climate change. Given the anticipated rise in
extreme weather events, accurate streamflow predictions are increasingly vital. Three machine learning (ML)
models — artificial neural network (ANN), recurrent neural network (RNN) and adaptive fuzzy neural inference
system (ANFIS) were assessed for streamflow prediction. Four key performance indicators, mean square error
(MSE), root mean square error (RMSE), and coefficient of determination (R°), guide the evaluation. These models
employ daily precipitation, maximum and minimum temperatures as inputs, and discharge as the output. These
results underscore the potential of ANN models for robust futuristic streamflow estimation, offering valuable
insights for water resource management and planning.

Keywords: Machine Learning (ML) models, Artificial Neural Network (ANN), Recurrent Neural Network (RNN)
,Adaptive Fuzzy Neural Inference System (ANFIS), Coefficient of Determination (R?)

Introduction:

Human-induced actions causing global warming significantly impact both the distribution of rainfall and air
temperatures, consequently leading to substantial changes in streamflow patterns. Forecasting streamflow
accurately is vital for efficient hydrology and the management of water resources!!l. Forecasting river flow is really
important for controlling reservoir outflows during floods and droughts. This helps manage our water resources
better!?l. Accurate predictions of river flow are needed for good planning and management. This includes plan and
design hydroelectric projects, operate water resource projects in real-time, manage resources well, and take steps
to lessen the impact of climate events on the environmentI4],

To make correct predictions about streamflow, researchers have created different types of models that study water.
These models can be grouped into three categories: ones based on observations(empirical), ones that use simplified
ideas(conceptual), and ones that rely on the laws of physics(physically based) B¢, In earlier times, different
statistical techniques were used to predict water flow patterns over timel”. Different statistical models like Simple
Regression Model (SRM), Multiple Regression Models (MRL) and Autoregressive Moving Average (ARMA) to
forecast streamflow®l. These models rely on traditional statistics to study past data and come up with ways to
forecast streamflow. However, they might not always be precise because they can't grasp the complex changes
that happen when rain turns into runoff®®!,

Artificial Neural Network (ANN) is a type of semi-parametric regression tool often applied to forecast streamflow
and use of neural network technology has brought about many good results in studying water and simulating water
resources!”), Several research works have shown that using data-driven methods is effective for imitating
hydrological processes. These processes include forecasting rainfall turning into runoff, predicting sudden floods
and estimating water levels during surges!'!l. The use of ANN models has become more widespread because they
can represent both simple and complex systems without needing the assumptions typical of most traditional
statistical methods!'?). So, ANN was employed to predict streamflow in Indus river at Tarbela. Feed-Forward
Neural Network (FFNN) and Recurrent Neural Network (RNN) were also utilized by researchers to forecast
monthly streamflow 31, Chang et al. applied RNN to forecast streamflow in the Da-Chia River of Taiwan!'4],
Carcano et al. checked how well RNN could accurately recreate daily streamflow patterns by using data on rainfall
and temperature!'”). Neuro-fuzzy systems represent a novel research area that has surfaced in recent times. These
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systems integrate neural networks and fuzzy logic, providing advantages from both approaches within a unified
framework!'¢,

RNNs, known for their strong ability to learn from time series data, have been utilized in forecasting streamflow
using deep learning algorithms. RNNs have the ability to recall past inputs and make decisions using information
from both past and present inputs. The adoption of more intricate RNN designs and other deep learning methods
like long short-term memory (LSTM) and gated recurrent unit (GRU) has demonstrated superior performance
compared to traditional RNNs in certain casest!7181191120021],

The primary goal of this study is to forecast the streamflow of Indus river at Tarbela by employing machine
learning techniques such as ANN, RNN, and ANFIS models, followed by a comparison of their outcomes.

Methodology:

Meteorological data including daily precipitation, minimum temperature and maximum temperature were gathered
from Power Data Access Viewer v2.0.0 from 1 January, 2022 to 31 December, 2023. Likewise, hydrological data,
like daily streamflow, was collected from the Water and Power Development Authority (WAPDA) from 1 January,
2022 to 31 December, 2023.
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Fig 1. Demonstrating Daily Observed Data for Min. Temperature (° C), Max. Temperature (° C) and Precipitation
(mm) for year 2022
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Fig 2. Demonstrating Daily Observed Data for Max. Temperature (° C), Min. Temperature (° C) and Precipitation
(mm) for year 2023

The study’s method is depicted in following flowchart. Research methodology includes minimum temperature,
maximum temperature and precipitation from 1 January, 2022 to 31 December, 2023 as an independent variable
with stream inflow from 1 January, 2022 to 31 December, 2023 serving as dependent variable. ANFIS, ANN,
RNN were used to predict inflow of Indus river at Tarbela. 80% of the data were used for training while 20% for
testing. The indicators used for evaluating performance of ANFIS, ANN and RNN are R?, MAE, MSE and RMSE.
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Flowchart depicting the methodology used in the present study

Artificial Neural Network:

ANN is defined as an information-processing model that is inspired by the way biological nervous
systems, such as brain, process information. This model tries to replicate the most basic functions of
brain. ANN is composed of a large number of highly interconnected processing units (neurons) working
in unison to solve specific problems. Each neuron is connected with the other by a connection link and
each connection link is associated with weights which contain information about the input signal. This
information is used by neuron network to solve a particular problem. ANN’s collective behavior is
characterized by their ability to learn, recall and generalize training patterns or data similar to that of a
human brain. They have the capability to model networks of original neurons as found in the brain. Thus,
ANN processing elements are called neurons or artificial neurons. Each neuron has an internal state of
its own. This internal state is called activation level of neuron which is transmitted to other neurons. R?,
MSE, RMSE and MAE these metrics were evaluated for ANN. Daily inflow predictions were most
accurate with the chosen ANN architecture.
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Imput Layer

Fig. 3 ANN Structure

Recurrent Neural Network:

RNNE are a special class of neural networks that operate on sequence data and allow previous outputs to
be used as inputs while having hidden states. Recurrent neural networks leverage backpropagation
through time (BPTT) algorithm to determine the gradients, which is slightly different from traditional
backpropagation as it is specific to sequence data. The principles of BPTT are the same as traditional
backpropagation, where the model trains itself by calculating errors from its output layer to its input layer.
These calculations allow us to adjust and fit the parameters of the model appropriately. BPTT differs
from the traditional approach in that BPTT sums errors at each time step whereas feedforward networks
do not need to sum errors as they do not share parameters across each layer.

Recurrent network

N’ output layer

input layer Y (class/target)
hidden layers: “deep” if > 1

Fig. 4 RNN Structure

Adaptive Neuro-Fuzzy Inference System:
ANFIS is based on Sugeno Fuzzy Model, where a rule Ry can be represented as:
Ric: IF py, (x) AND pg,(y) THEN f= pix + qiy + 1%,
Where k is the number of rules, A; and B; are n fuzzy memebership functions denoted by u in the
antecedent part of the rule R and px, qx, I are the linear parameters of consequent part of the k™ rule.
ANFIS is Neuro-Fuzzy system that uses S-layer network with supervised learning. It is based on
Hybridization scheme of Neural Network and Fuzzy Inference System. ANFIS comprises of two types
of nodes: fixed and adaptable. Every node “i” in layer 1 is an adaptive node with a node membership
function:

0f =ps,(x),i=12,...



ISTANBUL AYDIN UNIVERSITY PUBLICATIONS

01.2 = HBL(}’) > i= 1927"'
Fuzzy membership functions of any shape i.e., gaussian, triangular, trapezoidal etc. Layer 2 calculates
the firing strength of a rule via product operation

012 =W = :uAi(x) X #Bl(y) si = 1923'-'
Layer 3 calculates the normalized firing strength of a rule from previous layer
— Wi .

03 =w; :Z_Vll’i i=1.2,...
In Layer 4, each node represents consequent part of fuzzy rule. The linear coefficients of rule
consequent are trainable.

Of =w;. fi=w; .(pkX + qy +1¢) i=12,...

where pk, g, Ik are the linear parameters.
In Layer 5, nodes perform defuzzification of consequent part of rules by summing outputs of all the rules.

07 =%7y Wi fi =21 Wi - (DX + qiy +7i)

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

By

B,

Fig. 5 ANFIS Structure

Performance of Models: The performance of ANN, RNN and ANFIS models are evaluated with the help of
MSE, RMSE and R? metrics.

Mean Squared Error: Average of the squared difference between observed and forecasted values over
the data set.

MSE = z’iil(yNi -9?
Root Mean Squared Error: Square root of MSE is defined as RMSE.
N . — )2
RMSE = VMSE = [F=0=9"

Goodness of fit or Coefficient of Determination: measures the improvement of regression line over a
simple mean line.

i 9)?
R2=1 -&i=17L
N - 9)?
OrR*=1- Ssi

m
where SS, is sum of squared error of regression line and SS,, is sum of squared error of mean line. Value

of R?lies in between 0 and 1, higher value of R? indicates the model is better.

Results and Discussions:

This study looks at using three factors for input - daily precipitation, minimum temperature and maximum
temperature and one factor for output - daily discharge based on 2 years of historical data from 1 January,
2022 to 31 December, 2023. The data was split into two parts: 80% for training and 20% for testing. The
aim of training was to find the best model using measures like R?> and RMSE. The models were built in
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two stages: training and testing. We evaluated how well the models worked using MAE, MSE, RMSE
and R? metrics. Tables 1-3 show the results for all three models created.

ANFIS:

Table 1. Results of ANFIS:

Input Output MSE RMSE R?
Minimum Streamflow Training Testing Training | Testing Training | Testing
Temperature,

Maximum Temperature 52019.8022 | 69308.9341 | 228.0785 | 263.2659 | 0.7013 | 0.7548
and Precipitation

ANFIS model was constructed with three input factors (daily precipitation, minimum temperature and
maximum temperature) and one output factor (daily discharge) and model's performance was assessed
using RMSE and R? values during both training and testing phases. In the training phase, the RMSE for
the ANFIS model was 228.0785, while during testing, it was 263.2659. Additionally, the R? value during
training was 0.7013, and during testing, it was 0.7548. The ANFIS model findings are outlined in Table
1

RNN:

To evaluate the RNN model's performance, three transfer functions were applied: Tan-sig, Log-sig and
Purelin. These functions produce output between 0 and 1 as the net input of neurons varies from negative
to positive infinity. Among these functions, Tan-sig yielded superior results in terms of R? values during
both training and testing phases. Specifically, 3-1-1 architecture utilizing Tan-sig function demonstrated
highest R? values of 0.7838 and 0.8439 for training and testing phases, respectively. In contrast, for Log-
sig and Purelin, the R? values were 0.8153 and 0.7317, respectively, during the testing phase.

ANN:

To assess the effectiveness of ANN model, three distinct architectures were experimented: 3-1-1, 3-2-1
and 3-3-1. Among these setups, the 3-3-1 architecture delivered the highest R? values, recording 0.9522
during the training phase and 0.9699 during the testing phase.

Conclusion:

The outcomes of this study reveal that the ANN model with a 3-3-1 architecture exhibits superior
performance in streamflow prediction for Indus river at Tarbela, surpassing both the RNN and ANFIS
models. The elevated R? values attained during both training and testing phases imply that ANN model
effectively captures the intricate connections among hydro-meteorological variables and streamflow.
These results underscore the potential of employing ANN models in hydrological forecasting to facilitate
efficient water resource management and planning. Accurate streamflow predictions can play a crucial
role in mitigating the impacts of extreme events like floods and droughts, optimizing hydropower
generation, streamlining water system operations and supporting agricultural irrigation. Ultimately, the
findings of this research contribute to enhancing sustainability in the water environment under changing
climatic conditions and offer valuable insights for water professionals and policymakers engaged in
future water-related planning endeavors.
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Abstract

The significance of using mathematical models to find connections between water quality metrics is justified by the
considerable cost and time involved in doing so. This research proposes an updated version of an Entropy method (EM) with
a machine-learning approach for parameter estimation related to water quality. The Entropy approach with machine learning
is used to determine the objective weights of the criterion. In this study, dissolved oxygen, pH, nitrate, and fecal Coliform in
the water of the Yamuna River is studied for various sites. For the government to take prompt, proactive action regarding the
parameters and to impose strict legal penalties on those who are accountable for this significant chaos, this study primarily
reveals the parametric estimations of water quality parameters to determine the weightage of the parameters using the updated
version of EM along with the machine learning techniques.

Keywords: Mathematical Modeling, Entropy method, Water Quality Parameters

1. Introduction

Analyzing the quantity and quality of water is essential to making the most of available resources. Water quality
criteria play a crucial role in the withdrawal and use of these resources by providing customers with information
about the health and hygienic aspects of the water being utilized [1]. Because of its importance for public health,
there were several reports generated by the researchers on water quality estimation. The government also imposed
several restrictions on the industries as well as on the people on dumping waste and harmful chemicals into the
water as it deteriorates and makes the water unfit. Different parameters are present in water through which water
quality can be determined [2]. Dissolved oxygen, pH, BOD, Nitrate, and fecal coliform are the main parameters
of water through which we can assess the quality of water. Dissolved oxygen measures the amount of oxygen
available to the aquatic organisms. Oxygen enters the water body through the atmosphere or from the ground water
discharge. As the organic matter decays, water bacteria consume oxygen and the excessive organic material causes
eutrophic conditions which make the water body deficient of oxygen and leads to the dying condition for water
body [3]. The pH of water determines the solubility and biological availability of chemical constituents such as
nutrients and heavy metals. Excessive high and low pH can be detrimental for the use of water [4]. BOD is a
measure of the quantity used by the microorganisms in the oxidation of organic matter. It is difficult for aquatic
animals to survive in high BOD which eventually deteriorates the water quality [5]. Nitrates are plant nutrients but
used in excess amounts cause significant water quality problems. It also accelerates eutrophication when combined
with phosphorus [6]. The presence of fecal coliform bacteria in aquatic environments indicates that the water has

been contaminated with the fecal material of humans or other animals. At the time this occurred, the source water
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may have been contaminated by pathogens or disease-producing bacteria or viruses which can also exist in fecal

material [7].

These parameters affect the quality of water immensely so there is a need to keep a check on these
parameters and control these parameters. Past literature mainly focuses on the overall water quality index but not
on which parameters are involved in deteriorating the quality of water [8]. We can determine the main factors that
are involved in the problem as well as the best course of action for lowering them with the aid of multi-criteria
decision analysis [9]. Additionally, it assists in identifying compounds and their constituents, such as anions or
cations, which can be analyzed to determine the presence of significant ions in water bodies, as well as in
measuring the risk to human health [10]. We can assess the water quality index and determine the water quality in
a different district using a variety of MCDA methodologies [11]. We can also prioritize our aims and goals and
evaluate how the cropping system affects the water quality in a certain area [12]. An essential factor in the MCDA
is weight. While in Subjective Weights, a decision-maker is required before weights are calculated, in Objective
Weights, we already have the data and can use it to determine the weights of the criteria/attributes that contribute
more to the objective. With this, we may integrate the opinions of several decision-makers to obtain the best

possible data.

In this study, we try to find out the connections between mathematical modeling and the quality of water.
For this, we propose an updated version of EM along with the machine learning approach to get a clear view of
the problem and to reveal the contribution of parameters in deteriorating the quality of water. Section 1 gives the
introduction part. In section 2, a description of the pollutants is given. In section 3, the methodology part is
discussed in detail. Section 4 comprised the application of the proposed methodology along with the results of the

case study followed by the conclusion in Section 5.

2. Description of the Pollutants

1. Dissolved Oxygen

Dissolved Oxygen measures the amount of oxygen available to the aquatic organisms.Oxygen enters
through the atmosphere or from the ground water discharge.As the organic matter decays, water bacteria
consumes oxygen and the excessive organic material causes eutrophic conditions which makes the water

body deficient of oxygen and lead to the dying condition for the water body.
2. pH

The pH of water determines the solubility and biological availability of chemical constituents such as

nutrients and heavy metals. Excessive high and low pH can be detrimental to the use of water.
3. BOD

B.O.D. is a measure of quantity of oxygen used by the microorganisms in the oxidation of organic matter.
If the B.O.D is high, it is difficult for the larger aquatic animals to survive thus leading to bad water

quality and vice versa.
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4. Nitrate

Nitrates are essential plant nutrients, but in excess amounts, they can cause significant water quality
problems. Together with phosphorus, nitrates in excess amounts can accelerate eutrophication.

5. Faecal Coliform

The presence of fecal coliform bacteria in aquatic environments indicates that the water has been
contaminated with the fecal material of humans or other animals. At the time this occurred, the source
water may have been contaminated by pathogens or disease-producing bacteria or viruses which can also

exist in fecal material.
3. Methodology

In this research, we are trying to establish the mathematical relationship between the water quality metrics. For
this, we are using the updated version of the EM with the machine learning approach. The modified version of the
EM method is different from the original EM method in terms of the different and optimal normalization
techniques used in the newer one. Entropy method is one in which we are trying to find out the contribution of the
factors that affect our objective. In this method, we are dealing with the objective weights and create the decision
matrix according to the availability of the data so that the chances of getting a biased result because of the conflict
of the decision-makers views are less. Entropy has a strong connection with the machine learning approach as like
the entropy and gini’s coefficient in machine learning, updated version of EM also gives the variation and
disturbances among the factors. Basically, EM method gives us the measurement of volatility and the

disorderliness of the criteria/attributes. It provides us with the average information that we get from the criteria.
The steps involved in implementing the updated EM method are as follows: -

Step 1: - Collect the data based on the main objective along with different criterias/factors and alternatives. The

factors should be closely related to the goal.

Step 2: The general representation of matrix of the problem with the alternatives and criterias is given in Table 1.
Here Sn represents the nth alternative. Y;; represents the level of the criteria of type j corresponding to the ith

alternative.

Table 1: Matrix Representations

Alternatives/Criteria C, C, Cs C, Cs
S1 Y Yo Yi3 Y Yis

S2 Yo Y Y3 Yo Yos

S3

Sn Ynl Yn2 Yn3 Yn4 YnS




ISTANBUL AYDIN UNIVERSITY PUBLICATIONS

Step 3: Data are not normalised here so we first normalised the data using the weighted sum logarithmic

normalisation method. So, the normalisation of the decision matrix can be done by Equation (1):

Yi]'

m >
Yi:
2"

where Y;; represents the criteria level of the ith alternative of type j.

N,‘j= ln (1)

Step 4: Entropy of the criteria is now given by Equation (2):

Entropy of the jth type criteriais given by:
m
E.C.j:'a Zj:lN’:j lnNij (2)
Where a = 1/In(m)
Where N;; represents the normalized value of the decision matrix.

m represents the number of the alternatives

Step 5: Calculation of weights of the criteria using the updated EM method discussed above. Weights are given
by equation (3): -

Wi=1-E.C,/ Z;"zl(l- E.C,)) 3)

Step 6: After obtaining the weights of each and every criterion, we can find out the individual
weightage/contribution of each criteria and also can find out the criteria which is the dominant one among all the

criterias.
Step 7: Compare the result that we get from the updated EM method with the machine learning approach.
4. Application of Proposed Methodology

To verify and validate the proposed methodology, we are taking the data of Yamuna River as a study
area. The Yamuna is the longest tributary and the second-largest river in terms of the discharge of water. It is
accompanied by various states like Haryana, Uttarakhand, Uttar Pradesh, Delhi and also indulged with many
rivers. The quality of water at the upper Yamuna, that is, from Yamunotri to Okhla till Wazirabad barrage is of
significant-good quality, and below this, between Wazirabad and Okhla, the quality of water is severely poor due
to the discharge of chemicals from industries. It is a very small area of the river nearly 2% between this but the
same small area contributes 80% of the total polluted river therefore there is a need to identify the factors or
particulates that mainly cause water pollution. For this, we are using the updated EM method and comparing our
results with the machine learning approaches. The data of the pollutants including Dissolved Oxygen, Biological

Oxygen Demand (BDO), pH, Nitrate and Feacal Coliform are taken from the CPCB website.

After implementing the steps given in the Methodology section, we get the following results as shown in
Table 2. Table 2 shows the normalization table after applying the weighted average logarithmic approach: -

Table 2. Normalization Matrix

47



48

1ST INTERNATIONAL HYBRID CONFERENCE

o s Matna
thationCnde |LOCATION ATATE 0o il (800 rane P! Cicliborm

1400 YANRUA AN LI DI BATHIR, L TLARAC G [ I O AN
1553 FABLIBGA BAER, L' MR ThaksE [MBACHELMADESH | 088 0G| CLO0MES]  ONBARE] 4508 000
11| TARSUSA RIVEH, (% SAQNTA SR HIMBLHAL PRADESH | DOFEFs| QLUESE COUARE|  QOIFO0GIEs | SbIHE-OY
4405 | RIVER ARG, L5 AR HIKIALIHAL FRAE CUCHE | OLDRS L) DRI E| KL | ST WSRO
LA MIVHE FAMALINGA DV, MY IMIACIWNL PRATNN | DLOMSE| 00| (LOOWINS| DLW | P AGTIE-0
AT ET]FRRR A A AT HRIIRR ] H, WAL ARLAGAR HAFANE .00 | LT B4 (LOIRER QUIEITIEE | OLINGT 104
Nelfe AR RA, A R AR T AR PR L ETRE HARTENE .03 | D05 0 DLIXTH QUETBTIST | O MOCIASEY
TR | P Yl N AT KON URARKIEAT IARRYANA 00| DDA OBONTYE|  QUSIGHMAED| O DTESHLAR
11 15| YANRU KR WD SONERAR U] 05| D) L0AHEN  00TH00GDS) OG1IEE)
11 TRRSURA AT PALLA, GRLH (et OOGEL | DR QOZMEN  OONTISEE | DOGIEL-0E
112 A TRASUA. AN I LCARMDREN, DELHI DL D000 | OLDERS OORCEEE  ILOXNELES | O L2
Bl Tm_mnlmmuuwmwlwumlmn E1H 00008 Q.UFEY LOHIES|  DURESISTE ) 015 HEOEY
ALY T s R S AT R R s RAn, B | LG0T | ) OS] ek InG| sl
LT AN A AT MRTAANRLL L P LI TEARTALADE 2H DO9RE) M7 109208 ROITI0EEE) 002347748

VAMIRA AT SHEHMIE LITRARFRADETH OO0ES| 00| 0 0ESERY 0| 0 0013
U | TARELBEA BT EERHGHALWR NESEA L MLARPRADE TH G003 LR 0183 0] 0oy
11| YRAM S KT RLATHUBALI LIP. L TLAAPRANLAH G0M5| D041 OOMSELY|  OOTEMITING O.00GANSIY)
11 34| YALE IR KT MATRILRA 05 LR L/ TLARERADEH R QBN QTR OOEIBPERG| MOCHIM
175 TR A AN kBRI, LR LI MARFRALG S 0000 | DRSO D4ITAF|  BIAITLITS) O O0DESRE
1.2 TALELBA KT D05 0F AGRALLP, L TARPRLADE S OLS0T| O[NE) DLOSSE0E]  NLTSERERANG ) 0L NS E
1] ot AT S, L B TR S 0.0618| 0.037) 06500 maabiennd) O.00HE
TLID| TR A A LR, L, LI TR PRADESH DO | 00RET OLOATSER| OSSR O I03R0E
10| TABLIA BT IPHIRGA BT 1 THCHERAEAL FTIAH, L P LITLARFRALDESH 00680 D417 003016A OOREIRIFDE|  Qmse
FUNYSH| VAP, A L LIRS EBAULE GRAT], UL P LI WA PRAIH 3K DTS DDA OISR DDATRE RS | 00015185

After the normalized value, we calculate the entropy of each of these five criteria. The entropy and weights of the

criteria are given in Table 3.

Table 3. Entropy and weight matrix

Bce Brr BEsco B Hirate B raccal cotiform Bl

station Code [ Locanion Bl sTaTE

1353 YAMUMNA RIVEI HIMACHALPRADESH -0.1473 -0.1271 -0.01%4a -0.073530148 -6, 58548 E-06G
1554 YAMLUNA RIVE HIMACHAL PRADESH  -0.1448 0.1284 -0.02524 -O.086775011 —&.054E-0G
4450 MVER YAMUN HIMACHALPRADESH -0.1416 -0.1308 -0.01316 -0.D4B679357 -7.541,37E—Cﬁ|
4340 RIVER YAMUMN HIMACHAL PRADESH -0.1403 -D.1302 -0.01425% -0.059118681 =145 64 E-05
17 YAMUNA AT H HARYAMNA -0.1289 -0.1352 -0.0455 -0.09508509 -0.001022508]
1496 YAMUNA AT K. HARYANA =0.1343 -0.135 -0.04704 -0.09508605 =0 004235501
10004 RIVER YAMUNI HARYAMNA -0.2479 -(L135 -0.1119%8 -0.078061714 -0LOX2070789]
1119 YAMUNA AT 5 HARYAMA 0,157 -0.133  -0.143G1 0086775011 -C.0085813591
1420 YAMUNA AT P. DELH) -0.1726 -0.1391 -0.0853% -0 11065332 -0.000552799|
ARZ1 YAMUNA AT N DELHI 00627 01271 -0.2175 D087 75011 -0. 268440481
1375 YAMUMNA AT Of DELH) -0.0761 -0.1277 -0.19313 -0.073530146 -D.ZBElml
1812 YAMUNA AT OI DELHI -0.0797 -0.1302 -0.2571 -0.DGER7FOEL? -0, 265184353
LA5T YANMALINA AT W UTTARPRADESH -0.0733 -0.1302 -0.24207 =L, 11065332 -0.08?943152'
1123 YAaMUMNA AT M UTTARPRADESH -0.1161 0.1332 -0.1474 -0.196334168 -0.002768858
1424 YAMUMA AT M UTTARPRADESH -0.110d -0.1314 -0.14435 -0.171237123 -0.019322269|
1125 YAMUNA AT & UITTARPRADESH -0.0859 -0.132 -0.13259 0279224661 -0.00204403
1126 YAMUMNA AT Dy UTTARFRADESH -0.1303 -0.1314 -0.16078 -0O.162818537 -o.oouml
1498 YAMURNA AT B. UTTARFHADESH =(1L172 -L136A -{1L15956 =0, 254533231 =0 007395082
1127 YAMLUNA AT E UTTAR FRADESH 0177 -0.1368 -0.14479 -0.202303652 -0002640209'
1493 YAMUNA AT JU UTTARPRADESH -0.1624 -0.1368 -0.10566 -0.1555664754 -0.005802928
10684 YAMUNA AT A UTTAR PRADESH -0.154) -0.1362 -0.03473 -0.13512331S -O-WIITEE?Sl
wm -2.735 -2.7E0F -2AB552 -2.7:8005935 -0, 5870319790

Emropy 0.5083 0.9163 0.516389 O ES60STIED 0.329306354|

1- Entropy 0.1017 {0837 0.183611 {.103962811 (L 6755026495

Walgitte 0.0885 00723 0.159363 0090526386 0.588223014]

From Table 3, we can say that faecal coliform contributes more in deteriorating water quality with a percentage
0f 58.82% followed by BOD which is 15.99% and Nitrate, 9.05%. pH and DO contribute less than other pollutants,
that is, 8.85% and 7.29%, respectively. So, from the results, we can say that we should be more focused on the

quantity of Faecal Coliform in the river Yamuna.
5. Conclusions

Currently increasing level of harmful pollutants in the water and tremendously increasing urbanization and

industrialization in today’s era will pose a major threat to the environment as well as on the human health too. And
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as there is an immediate need to identify the factors and through the application of updated EM with machine
learning approach, we can estimate the weights or contribution of the pollutants which are causing water pollution
so that the pollutant which contribute the more can easily be recognized and proper steps can be taken to curb the

level of this pollutant as when the environment is healthy only then we will become healthier.
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ABSTRACT

Weather is important for our daily life and the aviation industry. Extreme weather conditions may occur. It is vital to detect
these situations and take precautions. Extreme weather conditions are thought to increase with climate change. This increase
and its results do not occur the same everywhere. In some regions, extreme rainfall occurs and in others, extreme drought
occurs. In this study, in which we analyzed the 15-year extreme weather events of Atatiirk InternatEonal AErport
(InternatEonal CEVEI AvEatEon OrganEsatEon (ICAO) code: LTBA) and Sabiha Gokgen International Airport (ICAO code :
LTFJ), using the (+) severe weather events of the Meteorological Terminal Aviation Routine Weather Report (METAR)
forecast, the trend of these events from past to present was examined. Even though the two airports are in the same city,
different trends were observed. Istanbul International Airport (ICAO code: LTFM) the years 2019-2022 was also included in
these analyses. It was determined that the number of extreme event days seen in these three airports was 122. During the years
examined, an increasing trend in extreme events was observed at LTFM and LTFJ airports, and a decreasing trend was
observed in LTBA. News about the days when extreme events occurred are classified in the table. Events for which there is no
warning or disaster news reflected in the press are classified in green, events for which a warning is received from the
competent authorities are classified in yellow and orange, and extreme events that are a disaster or a consequence are

classified in claret and red according to the disaster size. The instability indices of these events were also given and compared.

Keywords: Extreme weather conditions, climate change, risk analysis.
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Abstract

Evaporation and transpiration (evapotranspiration) are important components of the water cycle. It is a variable of critical
importance for irrigation in the agricultural sector, where most of the water is used. However, evapotranspiration is generally
calculated using equations. Precise estimation of near and distant future values of evapotranspiration is particularly important
for sustainable water resources planning and management. In this study, the possible impact of climate change on
evapotranspiration in various provinces in both the Thrace and the Central Anatolia Region of Tiirkiye was revealed according
to different climate change scenarios. For the analysis, methods frequently used by researchers in the world to calculate
evapotranspiration were used and the results were compared. The study was conducted using widely used climate change
models. As a result of the research, it was determined that there will be a steady increase in the amount of evapotranspiration
in the coming years according to climate change scenarios in the places where the research was conducted.

Keywords: Climate change, evapotranspiration, water resources
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GENERAL EVALUATION
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Gorkem KAYA, the representative of the Industrial Engineering and Engineering Faculty Community Student Club
explained on their activities. The club's vision focuses on properly guiding engineering students through their
career processes. The club has created a calendar for the second term and are planning many activities. These
activities include conferences, training programs, technical trips, and social responsibility projects. Student Club
is particularly planning to organize the Industry 4.0 Summit; this summit will be an event themed on sustainability.
At the summit, they will host speakers from major companies such as Ford, Renault, Mercedes. Delegates of this
conference have been invited you all to participate in these events.

Fatma Yaren KOSE, explained the mission and vision of Club METAR, Istanbul Technical University (ITU). Club
METAR was founded in 1991 at ITU. Together with her team, they have a stand at the conference. They are very
active to organise some periodic and scientific activities after their action plan.

Vision Ahi, the president of the Sustainability and Environment Club and also the Vice President of the Board was
shortly summarised the club history. They founded the environment and sustainability club in 2019. They have
implemented many projects. They are working on European Union projects and have conducted development
projects in Africa. They prepared some documentaries on environmental education in Africa and presented these
documentaries to the European Union. They have organized many events together with other clubs at IAU.

Director of UNIMED, Marcello SCALISI deliver a talk on internship facilities of university students and their
collaboration to develop for their training and research abilities.
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Abstract

The Central USA (CUSA) and Eastern Europe are two very productive agricultural regions which are susceptible
to drought. Understanding the conditions leading to drought may result in being to anticipate drought earlier.

Keywords: Drought, La Nina.

Introduction

Drought is a serious economic and societal problem for many areas where people live and societies are
built. It affects more people than almost any other natural hazard. Studies cited by the Intergovernmental Panel
on Climate.

Change has shown these may increase in a Drought is a long-term issue. It may take months to develop and months
to diminish. It can occur gradually and societies may not be aware of the damage until it’s too late.

There are several different types of drought including in order of severity; meteorological, agricultural, and
hydrological drought. In the USA, drought conditions are monitored at the University of Nebraska — Lincoln
(National Drought Mitigation Center). In Europe, drought is monitored by the European Drought Observatory
(EDO) and warmer climate along with a more vigorous water cycle.

Motivation /Goals

In order to make extended range forecasts, the large-scale conditions associated with drought over a large fraction
of the Northern Hemisphere should be examined, including the relationship with teleconnections and large-scale
climate variations

Data/Used

-1 -2
The NH 500 hPa height (m), precipitation rate (mm day ) (P), and potential evaporation (W m ) (E) data
were retrieved from the National Centers for Environmental Prediction (NCEP)/National Center for Atmospheric
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Research (NCAR) re-analyses, available through the NOAA Earth System Research Laboratory (ESRL) website.
These data are available from 6 h to monthly and on a 2.5 latitude by 2.5¢ longitude grid.

The observed atmospheric blocking information was obtained from the blocking archive housed in the University
of Missouri Weather Analysis and Visualization (WAV) laboratory by the Global Climate Change Group (GCC),
The study period was 1970 - 2020 .

Study Regions/Criteria
CUSA and Eastern Europe (including the region of Tiirkiye along the Black Sea): We used seasonal precipitation.

Minus evaporation was modified by the areal coverage to identify Extreme and moderate dry years and compared
to wet years.
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Figure 1. The study regions used here, NA (left) and EE/WE (right).
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Results

In CUSA, there were 10 extreme drought years, and 12 moderate drought years. Extreme drought was usually
accompanied by a dry spring (9 of 10), while for moderate it was closer to 50% (7 of 12), [1,2].

In Eastern Europe only four of eight extreme summer droughts were preceded dry springs, and seven of eight
moderate droughts.

Blocking and Teleconnections (blue = p = 0.1, green = p = 0.05, and red = p = 0.01). Left bars are block
occurrence, middle are block intensity, and right blocking days.
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Figure2. Number of events and blocking character.
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Figure 3. Index value and teleconnection indexes

Large-scale 500 hPa, summer season height anomaly composites CUSA. Top = Severe drought Middle =
moderate drought Bottom = wet years
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Figure 4. Large-scale 500 hPa summer season height anomaly composites Eastern Europe Top = Severe drought
Middle = moderate drought
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Figure 6. Case Study — Drought in CUSA 2012 versus 2022
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(a) Daily Teleconnection Indexes summer 2012

2

15

1

05

0

-0.5

-1
-1.5

-2
-25
B, s N R S R
T S e
L i t 9 ) “ o © o
AD PMNA NAD
(b) Daily Teleconnection Indexes summer 2022
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Figure 7. Daily teleconnection indexes in summer, 2012 and 2022

Use of Northern Hemisphere Integrated Entropy 2012 versus 2022, (Eq. 1).
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Daily Integrated Enstropy (April - June 2012) Daily Integrated Enstrophy (April - June 2022)
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Figure 8. Daily integrated entropy, in 2012 and 2022.
Summary and Conclusion

Long term — drought over both study regions was more prevalent in the 1970s and 2010s (and now into the 2020s)
and less so in the 1990s and 2000s.

A weak association with El Nino and Southern Oscillation was noted in both regions. In CUSA extreme droughts
were more often with La Nina years, moderate droughts with El Nino. The opposite was found for Eastern Europe.

For CUSA — summer drought is associated with fewer and weaker blocking events over the Eastern Pacific, for
Eastern Europe there is more and stronger blocking associated during severe drought years as well as a strongly
negative Eurasian Pattern (meridional). Wet years are opposite.

Many indicators pointed toward drought occurring within the CUSA in 2022 even though the spring was a bit
wetter than normal. This drought has persisted for two years.
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Abstract

Water is life and is the most precious resource on Earth. Earth is covered with 70% of water, 2.5% is freshwater and 1% is
easily accessible freshwater; thus only 0.007% of Earth’s water is accessible. The survival of life on Earth is directly
proportional to presence to water among other important resources. Water remains to be a natural resource with no replacement.
In today's era where science and technology are growing every hour and innovating new technologies and devices to make life
easier and comfortable, but no artificial intelligence could either replicate or replace the need for water on Earth. The present
study deals with the qualitative exploration of water quality components like potential-of-Hydrogen (pH), chemical-oxygen-
demand (COD); biochemical-oxygen-demand (BOD); dissolved-oxygen (DO) of Yamuna River in India at different sample
sites. Various sample sites designated for highly reported pollutants using artificial intelligence through Least Square Support
Vector Regression (LSSVR) and hybrid of Wavelet and LSSVR. It is observed that hybrid of Wavelet and Least Square
Support Vector Regression (W-LSSVR) predicted good quality accurately among the two prototypes simulated on the basis

of the simulation errors i.e. root mean square error (RMSE); mean absolute error (MAE); coefficient of determination (R2)
and execution time for both prototypes. RMSE values decrease overall on training and validating via W-LSSVR as compared

to LSSVR. It is observed that MAE values show a lesser decrease as it is in RMSE; on an average MAE has lesser variability

and R2 has a greater variability as per simulations. The simulation is carried out to analyze the level of various pollutants in
the Yamuna River at different sites for the consideration of quality of water. The observed pattern from the study may help for
future prediction of the quality of water parameters, so that it prohibits the further decay of water quality which may prove
to be lethal to the environment. These forecasts may be helpful for the formulation of policies, planning and execution for

protection of environment and quality of water.

Keywords: Fractal, Least Square Support Vector Regression, Wavelet Decomposition, Water quality, Wavelet-LSSVR
(WLSSVR), coefficient of determination.
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Abstract

Irrigated agriculture directly linked with human survival on this globe. Man — made activities are continuously polluting our
source of life. The amount of ongoing water flow; It causes serious concerns in terms of health, river life, agriculture and
industry. Water permit agreement in general and a result of industrial products. Analyzes made with ground observations
revealed that the nitrate level in feeds with industrial waste materials is higher, they have superior drainage and have lower
nitrate content. In general, almost all factors have significant effects on the leaching of fertilizer (NO3-N) into the main lines.
Current research shows that nitrogenous fertilizer containing NO3-N leaches up to 150 cm. The results show that Fe, Cu and
Mn in agricultural water reached the dissolved level along the non-initial part of the sludge carrier. Thus, a serious
concentration of Fe, Cu and Mn was detected in this region. The situation is slightly different in Pb. As a result of Fe, some
water samples along the lined section of the sludge carrier appear to be problematic.

Keywords: Agriculture, Environment, Contamination, Water quality
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Abstract

70 percent of Azerbaijan's water resources come from neighboring upstream countries (Turkey, Armenia, Georgia and Iran)
through transboundary rivers. Water supply in Azerbaijan closely depends on natural and human made factors in the
upstream countries. The analyzed scenarios show that in order to fully meet the water needs of the country and reduce water
shortages, effective water management must be established in the country, as well as transboundary water cooperation with
upstream countries. The analysis of the first scenario shows that if no action is taken, Azerbaijan will become a country
experiencing severe water stress, which in turn will have a negative impact on all water-related livelihoods.

Keywords: Water resources, water stress

Introduction

Currently, the water sector in Azerbaijan has met with several problems arising from the effects of climate changes
and structural deficiencies. These problems include both institutional and management concerns, since until 1992,
the economy of Azerbaijan had been based on a centralized planning economy, where market mechanisms were
very weak or completely absent (Ahmadov, 2020; Aliyev et al, 2014). In recent decades, under the influence of
broad range of factors, significant difficulties have arisen in Azerbaijan's water supply (Scandizzo and Abbasov,

2012; Abbasov, 2011).

The country is under the threat of all the possible expected global changes affecting the water sector (Verdiyev,
2016). Water shortages, floods, droughts and expected effects of the climate change are the major environmental
concerns of the region (Baba et al, 2011; Hasanova and Imanov, 2010).

Azerbaijan is a downstream country and about 70 percent of Azerbaijan's water resources come from neighboring
upstream countries (Turkey, Armenia, Georgia and Iran) through transboundary rivers (Abbasov and Smakhtin,
2013; Abbasov et al, 2022). Water supply in Azerbaijan closely depends on natural and human made factors in
the upstream countries (Abbasov and Smakhtin, 2009). At present, water shortages in the country's main
agricultural regions are increasingly having a negative impact. There are many reasons for the gradual decline in
water supply in Azerbaijan, both natural and man-made (Kirilenko and Dronin, 2011). On the one hand, the growth
of population and agricultural production, on the other hand, the negative effects of climate change on water
resources have significantly reduced water supply. Simultaneously, most of the country's water resources are
formed outside the country, and this factor creates additional negative side effects that cannot be resolved within
the country.

The figure 1 shows the changes in Azerbaijan's water resources over the last 20 years (STAT AZ, 2021). However,
currently more than 10 billion m® of reserves are taken from upstream countries (Garayev et al, 2020; Abbasov
and Flores, 2023). The declining trend observed over the course of many years of water resources is mainly due
to climate change and the increase in transboundary water abstractions.
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Figure 1 Renewable Water Resources of Azerbaijan (STAT AZ 2021)
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The arid climate of Azerbaijan, the non-uniform distribution of limited water resources in the region, increasing
water demand due to population growth and the rapid development of agriculture in recent decades are increasing
the pressure on the water resources in the country. Currently, the main factors causing water shortages in the
country are the allocation of water from drinking water sources to irrigation, and water losses in the irrigation and
drinking water networks. In addition, declining water resources as a result of climate change and transboundary
water withdrawals also limit the access to water. According to the 4™ National Communication on Climatic Change
of Azerbaijan future scenarios predict further reduction of water resources at transboundary and local level (FNC
AZ,2021). This will make the water supply even more difficult in the country if no water saving or other adaptation
measures are applied.

Studying the future of water resources and analyzing how the factors that negatively affect them will change in
the long run is a priority for each country (Frederick and Major, 1997). This is even more important for water
scarce countries such as Azerbaijan, which are very vulnerable to climate change (e.g. Mall et al, 2006). Acquiring
such knowledge can help prevent future adverse events and, at the very least, reduce their impact, as well as
identify the foundations of a country's long-term water strategies (Kabat and Van Schaik, 2003; Huntjens et al
2012; Ludwig et al, 2012). In this regard, the establishment of long-term water scenarios, taking into account
climate change as well as other negative effects, can be very beneficial (Gallopin and Rijsberman, 2000; Cosgrove,
2013).

Along with the assessment of the current state of the country's water resources, the study of their future changes
is also the subject of broad range of studies currently (e.g. Reed et al, 2013; Rahaman et al, 2013; O'Hara, 2000).
For example, there is a large body of literature examining the future effects of climate change on water resources,
many of which consider the future effects of climate change on water resources to be an important component in
a country's water planning. These studies have both scientific (e.g. Eriyagama et al, 2010; Bharati et al, 2014;
Amin et al, 2017) and technical content (FNC AZ, 2021; IPCC, 2019) and water scenarios are among the priorities
of international organizations and national governments.

Aim of the study

The development of scenarios in the field of water use has the potential to demonstrate the effectiveness of the
measures that need to be undertaken (Alcamo et al, 1997). In this regard, the development of scenarios is very
important to inform policy-making and the adoption of the right actions. Scenarios also help demonstrate that if
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policy-makers won’t take any steps to improve the situation then the country may face more serious problems in
the future (Hejazi et al, 2013).

As a downstream country, more than 70 percent of Azerbaijan's water resources are formed outside the country,
and this factor, along with climate change, is a major threat to the country's future water security (Zhong et al,
2016; Verdiyev, 2016; Jafarov, 2004). The existence of these factors indicates that even if Azerbaijan makes its
own efforts to effectively manage water resources in the future, its positive impact may be negligible (Garayev et
al, 2020). Simultaneously, the inability to fully resolve the “poor water legacy” of the Soviet era and the large-
scale losses in the irrigation and water supply networks should also be considered as factors that negatively affect
future water supply.

The main purpose of this study, initiated by FAO Azerbaijan, is to identify state of the future water use and water
management in Azerbaijan through scenario development and to suggest adaptation measures considering future
climate change trends and water demand. In formulating future water scenarios for Azerbaijan, the main starting
point was the need to analyze all the factors that could negatively affect the country's water supply in the future
and how the factors will affect the country's access to water in the long run.

Methodology

The study intends to develop the scenarios of future state of water supply in the context of various activities. The
current study considers two time periods, 2020-2040 and 2041-2070, and three main scenarios are devised for
each period. These scenarios will help assess the degree of water supply efficiency depending on actions taken at
national and transboundary levels in the future towards increasing water use efficiency. A comparison of these
scenarios would allow the authorities to assess what activities will be important to address water security issues in
the future and to incorporate these activities in its development programs and state water policy.

While developing the scenarios the following factors will be taken into account that affect future water access:

e Forecasted future water withdrawals in upstream countries

o  Future effects of climate change on water resources

o  Future water losses in the agricultural and drinking water sectors

e Environmental flow demands in renewable water sources

e Increased demand for drinking, industrial and irrigation water in the future

Detailed explanations for these "effects" and information to be used in assessing these effects are provided below.

The following formula can be used to determine the availability of water in Azerbaijan in the future and the amount
of water available for use in water sources:

Equation 1: ARWR=TRWR-EN-TRWW-CCR-INWD-TWL

Where, ARWR is a total amount of usable renewable water resources, TRWR- is a total renewable freshwater
resource, EN-is a total amount of environmental flows, TRWW- is a total transboundary water withdrawal, CCR-
reduction of renewable water resources as a result of climate changes, INWD- is an increased national water
demand, TWL-is a total water loss.

Projected future water withdrawals in upstream countries.

Transboundary water withdrawals are the greatest real threat to the Azerbaijan's water supply in the future. In
recent years, the trend of withdrawing water from major rivers from outside the country (Garayev and Rajabov,
Samir Abbasov) suggests that this impact may increase in the future. Currently the amount of water entering
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Azerbaijan from upstream countries, as shown in Figure 2, has decreased by more than 30%. Thus, the increasing
number of reservoirs and water intakes built in the last 10 years in the upstream countries of Turkey, Georgia,
Armenia and Iran allows us to predict that this effect will continue in the future. Therefore, transboundary water
withdrawals will be estimated taking into consideration water use policies in upstream countries.

Figure 2 Inflow of surface water from upstream countries
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Future effects of climate changes on water resources

Long-term projections show that in 2020-2100, against the background of rising temperatures in the territory of
Azerbaijan, atmospheric precipitation will decrease, and water content in all freshwater basins, including rivers,
lakes and ponds will decrease (FNC AZ, 2021). According to the “HadCM3 modeling of MAGICC/SCENGEN”
scenario in 2011-2040, 2041-2070 and 2071-2100 in the condition of increase in temperature and decrease in
precipitation (especially in the Lesser Caucasus) the water resources over the country predicted to decrease by 10-
15% in 2011-2040, by 15-20% in 2041-2070, by 20-25% in 2071-2100 years (FNC AZ, 2021).

Raising temperatures, combined with changes in rainfall will intensify the frequency and intensity of water
shortages in the country. Country reliance on surface water can be dramatically affected as supply from river
waters becomes more variable, and more demand is placed on other sources, such as groundwater, storm water
and desalinated sea water. Given that climate change is also likely to negatively affect groundwater resources, the
role of storm and desalinated waters becomes more important (Abbasov, 2018).

Climate change will also influence water needs. Warmer temperatures will likely increase evaporation rates and
extend dry seasons, thereby increasing the amount of water that is needed for the irrigation of many crops, urban
landscaping, and environmental water needs. Raising temperatures will also affect household water use,
considerably increasing demand in potable water. This will increase expected water withdrawals from the
country’s rivers and groundwater sources.

All of the above highlights the importance of water governance and water management; improved agricultural
productivity, particularly water productivity in agriculture; sustainable intensification and diversification in
agriculture; and better water demand management.
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Projections of the 4th National Communication Report will be used to take into account the impact of climate
change on water resources. In that report according to the GFDL, HADGEM and MPI models the trend of changing
of water resources for the following 2 climate scenarios are assessed:

e An optimistic (RCP4.5) scenario which considers that countries will act to keep temperature increase
according to agreements in Paris and Glasgow. In RCP 4.5 scenario, greenhouse gas emissions reach a
maximum in 2040 and then gradually decrease (FNC, 2021).

e A pessimistic (RCP 8.5) scenario, in which no action is taken. According to RCPS8.5, against the
background of high population growth and low-income growth, weak technological changes and high
energy demand will be maintained, which will lead to an increase in greenhouse gas emissions (FNC,
2021).

According to above models by optimistic scenario (RCP 4.5), the amount of water resources of Azerbaijan
(together with transboundary water resources) will decrease by 5-10% in 2040 and by 10-15% in 2070 and by
pessimistic scenario (RCP 8.5) by 10-15% in 2040 and by 15-25% in 2070 compared to current values (FNC AZ,
2021). These reductions will be taken into account in all three scenarios and climate sub-scenarios.

Future water losses in the agricultural and drinking water sectors

The water sector of Azerbaijan has not undergone key rehabilitation work since the early 1980s and is in urgent
need of complex changes, repair or replacement. Most problems are related to inadequate design, outdated network
materials and construction methods, and compounded by insufficient maintenance, repair and rehabilitation. As
noted in introduction part, many studies have concluded that without additional investment, the quality of the
water supply will rapidly deteriorate (e.g. Scandizzo and Abbasov, 2016).

The main legacy of the Soviet and the transition period for the water system can be identified as a general condition
of degraded water supply, with high rates of water losses in main and distributions canals. Irrigation in the country
is mainly based on flood irrigation, which causes both salinization and large-scale water loss in the fields.
According to the State Statistics Committee, the loss of water from water sources is 30-40 percent, and on average,
about 4 m® of water is lost out of 12 m* (Figure 3). However, unofficial studies state that up to 60% irrigation
and drinking water taken from water sources is lost.

Figure 3. Total water losses in Azerbaijan (AZ STAT 2022)
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The same situation is observed in the drinking water sector. Recent studies have also confirmed that losses in the
drinking water sector have reached 50%. It is expected that if no action is taken now, pipe networks, irrigation
canals and irrigation networks are not upgraded, and there are no radical changes in irrigation methods, water
losses will further increase in the future, and therefore water losses will be one of the main factors complicating
access to water in the future. Given the large volume of water losses, the prevention of these losses can allow to
increase water use efficiency by them in relevant sectors. Thus, reducing water losses by at least 50% means an
additional 2 billion m3 of water for the country, which is an opportunity that can play an important role in reducing
water shortages in the future.

Environmental flow demands in surface water bodies.

Environmental flow (Abbasov and Smakhtin, 2008; Imanov, 2003; Acreman & Dunbar, 2004; Smakhtin &
Anputhas, 2006) refers to the flow regime in a river that ensures conservation of the river ecosystem. Ideally such
flows should be established through a detailed quantification of the relationships between flow changes and the
conditions of ecosystem components. The quantitative understanding of links between aquatic ecology and
hydrology is developing worldwide and requires significant case specific field work. Many environmental flow
assessment methods have been suggested over the past two decades, and a number of comprehensive reviews were
written on this subject (e.g. Tharme, 2003; Acreman & Dunbar, 2004). The methods range from complex holistic
ones (which examine various aspects of aquatic ecosystems, require significant amounts of study-specific
information and involve a multidisciplinary team of experts) to desktop hydrological methods (which are based
primarily on hydrological indices or time series). Many international organizations have also developed guidelines
for calculating environmental flows (eg EU, 2015; WB 2009; FAO 2019), and one of the most widely used is the
European directive (EU, 2015).

Several methods have been proposed to calculate environmental flow norms in Azerbaijan (e.g. imanov, 2003;
Abbasov and Smakhtin, 2009). According to these methods, the environmental flow should be up to a maximum
of 10-15% of the average monthly flows. Currently taking into account high water demand in region in existing
currently water sharing practices in region (Azerbaijan-Russia, Iran Azerbaijan), approximately one third of water
is being left in rivers for the environmental needs of river ecosystems. According to the methods we currently
have, natural water demand to maintain rivers ’ecological functions will be estimated based on volume existing in
rivers water resources, (in per cents) which will be evaluated in reference to National and International guidance
documents. Therefore, when scenarios are developed, it is considered sufficient to maintain up to one third of the
total water resources for environmental needs, and in all scenarios, this amount of water is excluded from public
use as a natural requirement.

Increased demand for drinking and irrigation water in the future

Demand for water in Azerbaijan is growing, and these increases are mainly in the agricultural and drinking water
sectors. Currently the irrigated land areas are about 1.5 mln ha. The increase in the area of irrigated lands over the
past 10 years suggests that this growth will continue in the future (Figure 4). The transition from rainfed agriculture
to irrigated agriculture in most places due to climate change also confirms the growing demand for irrigation water.
In addition, the adopted state programs are expected to support the growth of agricultural production, which will
further increase the demand for irrigation water. Future demands for drinking water will be taken from available
projections, while demand for agricultural water will be assessed taking into account future irrigation land
increases. For example, stimulating agricultural production in Azerbaijan, increasing food security and reducing
poverty in rural areas are the main goals of the Strategic Road Map for the production and processing of
agricultural products in the Republic of Azerbaijan.
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Future, land increases will be taking from the government programs and agriculture related road maps. According
to the information of the related organizations, there is an ongoing work in relation to identifying irrigated land
areas to be increased from currently used areas.

Figure 4 Irrigated lands in Azerbaijan in 2000-2020 (AZ STAT 2022)
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For the 1st and 2nd scenarios current and planned future water withdrawals and climate change impact on water
resources in upstream countries’ territories will be taken from the existing studies to assess amount of water
entering the country. No upstream water use efficiency increase will be considered under these 2 scenarios, while
for the 3rd scenario, certain degree of transboundary water withdrawal reduction (as a result of water efficiency
measures) will be considered.

Water Supply Scenarios

The study uses a basic scenario analysis approach to compare future changeable scenarios with the current
scenarios that may continue in the future as well. Three scenarios will be used for future water use opportunities,
and one of these scenarios is to continue the current water policy without any additional action (Figure 5).
According to first scenario, the current policies and practices in the country's water sector will continue in the
future, and there will be no radical changes in this direction. According to one of the remaining two scenarios, the
country will change the existing water supply practices in its territory, as well as achieve less water intake in
upstream countries. According to the third scenario, although water use and water management will be improved
in Azerbaijan, there will be no improvement in upstream countries.
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Figure 5. Water use scenarios
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Scenario 1: Business as usual or undertaken actions are not quite sufficient.

The main premise for this scenario is that there will be no radical changes in the current water management, and
almost all practices will remain the same. The main premises of this scenario are as follows:

There are no radical changes in existing approaches to the management of surface and groundwater
resources.

In transboundary and local river basins water withdrawals, losses in the irrigation and drinking water
sector remain and no substantial changes are expected.

The negative effects of climate change reduce natural water supply will be assessed by above 2 scenarios.

In addition, the possible increase in demand for drinking water, irrigation, and other areas, may create
additional problems in water supply.

Scenario 2: Realistic water supply scenario

The main premise in the realistic water scenario is that Azerbaijan is not able to reduce cross-border water intakes,
but instead is creating a more sophisticated water infrastructure on its territory and working out as much as possible
water-saving mechanisms. The main reason the scenario is called "realistic" is that it is very difficult to reduce
water intake outside the country and does not seem realistic yet, instead it is up to the country to improve within
the country, and these changes can be achieved gradually. The main premise of the realistic scenario is as follows:

Adaptation measures expected to solve existing problems (with the potential to continue in the future)
are evaluated only at the national level and no changes are expected to improve water use efficiency in
the upstream countries.
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e  Expected future impacts of climate change will be taken into account for each of the above by considering
national climate change scenarios.

e Improvements at the national level in this scenario include
= Reduction in water losses
= Use of water-saving methods in irrigation and other sectors

= Evaluation of alternative use of water sources (rain waters to cover local water demands by 20-
30%, treatment and reuse of wastewaters by 50% or more, desalinization of sea waters where
no other water sources are available) to meet growing demand for drinking and irrigation water.

Scenario 3: Targeted water supply scenario-National and Transboundary scales

The main premise of the targeted water supply scenario is that Azerbaijan is both reducing cross-border water
intakes, improving water use efficiency on its territory, reducing water losses and increasing the use of non-
traditional water sources. The premises of the target scenario are given below:

e  Efficient use of water resources is ensured both at the national level and in transboundary water
management. Transboundary water withdrawals are reduced.

e Expected future impacts of the climate change will be taken into account for each of the above
by considering national climate change scenarios.

e Simultaneously, alternative water sources (use of rain waters to cover local water demands by
20-30%, treatment and reuse of waste waters by 50% or more, desalinization of sea waters
where no other water sources are available) will be identified to cover the growing demand for
drinking and irrigation water locally.

Indicator based approach

Indicator based approaches are widely used to assess vulnerability of water resources and in assessing the
environmental condition of water sources (Abbasov and Smakhtin, 2013; Babel et al, 2011). The indicator-based
approach allows the assessment of the situation to be expressed in an index, because indexing allows you to
visually see the future change, deterioration or improvement of the current situation (Juwana et al, 2012).

The water stress index used by the FAO is expressed as the ratio of the total water taken from water sources in all
sectors of the country to the renewable water resources and is given by the following formula (FAO 2019):

Equation 2: WSI= TFWW/WY *100%

Where, WSI is a FAO’s SDG water stress indicator, or simply water stress, TFWW is a total freshwater withdrawn,
where year to which it refers will be provided, WY (water yield) is determined as difference between the total
renewable freshwater resource (TRWR) and environmental flows requirements (EFR). TFWW is the total amount
of water withdrawn from natural water sources for one year. The main factors that increase the TFWW are the
amount of water taken for irrigation and drinking water. However, TFWW is also increasing due to losses in the
water sector, and if these losses are reduced, it may also reduce the amount of total water use. According to various
sources, these losses range from 40 to 50 percent. WS is the total amount of water available for use in the country
for the same year. WS is formed under the influence of climate change and transboundary water intakes.

Therefore, in condition of water flow reduction under the negative effects of climate change main adaptation
scenarios will be based on possible reduction of transboundary and local level water withdrawals and water losses
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and switch to technologies that allow more efficient use of water. This, in turn, can have a positive effect on the
value of the WSI.

Background information

Water resources of Azerbaijan Republic together with transboundary water flow was assessed to be 30,5 billion
m?® according to assessments conducted in 80s of last century, according to which only one third of it was formed
in rivers located on territory of the country (Rustamov and Gashgay, 1986). The FAO also assessed Azerbaijan's
water resources in 2008, and according to this assessment, the water resources are 32.5 km?® /year (FAO, 2008).
According to the Azerbaijan Amelioration and Water Farm Company, the water use situation in Azerbaijan in
2020 is given in the table below (Table 1).

Table 1 State of water use in Azerbaijan in 2020 (million m?)

Water Water Recycled Water Sewage Wastewater
withdrawal consumption water losses waters

Total 12960,8 9693,0 2243,1 3267,8 4759,0 224.5

Agriculture, hunting 112104 7235,9 - 3174,9 3037,6 0,1
and forestry

Industry: 1737,2 2412,0 2219,2 89,7 1350,8 47,8

Mining 340,2 3441 313,6 - 291,3 6,2

Manufacturing 40,7 67,9 246,1 3,3 40,2 5,4
industry

Production and use of 1356,3 2000,0 1659,5 86,4 1019,3 36,2
utilities

Transport, storage and 9,6 11,4 9,8 32 17,8 17,4
communication

Other branches 3,6 33,7 14,1 0,0 352,8 159,2

In the case of the Kura and Araz Rivers, which flow through Turkey, Georgia, Armenia, the Islamic Republic of
Iran and Azerbaijan, discussions are under way on a water sharing agreement. The four major river basins in
Azerbaijan are:

1. The basin of the Kura and Araz Rivers is the largest basin in the country, forming the largest
transboundary river system of the southern Caucasus. It originates in Turkey, and flows through Georgia
and Azerbaijan into the Caspian Sea, while the Araz also crosses Armenia and Iran. The total length of
the Kura River system is 1 515 km, of which 900 km is located within Azerbaijan. The total annual inflow
of the Kura River from Georgia is estimated at 11.91 km?. The total inflow of the main branch of the
Araz River and its tributaries from Armenia and Iran is estimated at 13.47 km?/year, bringing the total
inflow into Azerbaijan to an estimated 25.38 km®/year.

2. The Samur River Basin, located in the northeast of the country, forming the border with Russia. The
Samur River rises in the Russian Federation and then forms its border with Azerbaijan. Its estimated
annual discharge is 2.36 km?, less than half of which is considered to be available for Azerbaijan.

3. The Caspian Sea coastal river basins in the northeast, between the Samur and Kura River Basins
The Caspian Sea coastal river basins in the Lankaran region in the southeast, south of the Kura River
Basin.
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The total reservoir capacity of Azerbaijan’s dams is around 21.54 km?. Most of this capacity, 21.04 km?, comes
from large dams, of more than 100 million m* each. The four largest reservoirs are the Mingacevir and Shamkir
on the Kura River, the Araz dam on the Araz River, and the Sarsang on the Terter river. A full overview of the
larger dams is provided in Table 2.

Table 2 Characteristics of major reservoirs of Azerbaijan

WATER AREA, KM? CAPACITY OF INSTALLED MAXIMUM AREA OF

RESERVOIR RESERVOIR, KM? CAPACITY OF IRRIGATED LANDS,
HPP, MW HA

MINGACHEVIR 605 15.73 402 970000

SHAMKIR 116 2.68 380 46,000

YENIKEND 23.2 1.58 150 6000

VARVARA 22.5 0.06 16 -

SARSANG 14.2 0.565 50 120000

ARAZ 145 1.254 22 400000

BILAV 0.1 22 -

VAYKHIR 0.1 5 16800

Further reduction of water resources during 2016-2020 (dry years) led to reduction of available on Azerbaijan
flow values down to 17,5 billion m?* (AZ STAT 2022).

Results

Scenario 1: Business as usual or undertaken actions are not quite sufficient

The first scenario was calculated considering two climate sub-scenarios (RCP 4.5 and RCP 8.5). As noted above,
this scenario assumes that the current situation in the water sector will remain the same and that there will be no
change in water management. Under this scenario, water taken from renewable water resources is expected to
remain at current levels or increase slightly. Currently, 13 billion m? of water is withdrawn from renewable water
resources, and in our scenarios calculations are considering that these water withdrawals will be 13.5 billion m®
by 2070. At the same time, under this scenario, transboundary water intakes are expected to increase by another
1 billion m>.

This 13 billion m? of water also includes water losses of about 40% of the water taken. In other words, water losses
are considered the main "consumer" of water in this scenario.

Environmental flow of Azerbaijani rivers was estimated at 10 billion m?, and this rate is maintained for all
scenarios.

In this regards currently water yields will be equal to 11.5 km?® determined as difference between available water
resources (21.5 km®) and above environmental flow value (10 billion m®) . If water abstraction is equal to this
value then water stress will correspond to 100% if it is more than water yields then water stress will be over
100%.

According to the first scenario, the change in the FAO water stress for 2020-2070 is shown in the graph below
(Figure 6).
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As can be seen from the figure, currently water stress in Azerbaijan is already above 110%. This figure does not
coincide with the figure calculated by the AQUASTAT program, which is 53.7%. According to the AQUASTAT
program, Azerbaijan's renewable water resources are 34, 7 billion m3(FAO and UN water, 2021), while according
to the ministry, this figure was 22.01 and 17.5, respectively, in 2000-2020 and 2016-2020 (STAT AZ, 2022). The
main issue to be considered is the fact that the data on water resources are estimated in AQUASTAT as long-term
averages, over a period of 30 years from 1961 to 1990 (FAO and UN water, 2021).

The fact that this WSI is more than 100 percent by 10%, which means that the amount of water volume
corresponding to this value is is taken from the sources that are required for environmental needs of freshwater
bodies. For example, if 10 million m3 of water is currently needed for the environmental needs of rivers in
Azerbaijan, in 2021 this figure was about 14% less than needed. This means that the water taken from the rivers
is in fact the water needed to ensure the environmental flow of the rivers, and this situation has a negative impact
on river ecosystems. In other words, increasing the amount of water allocated for environmental flow while
maintaining existing water needs can only be achieved by reducing water losses and shifting to dry resistant
technologies.

Figure 6. Scenario 1 Water stress according to RCP 4.5 and RCP 8.5 climate sub-scenarios
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This figure 6 shows that, according to the RCP 4.5, if the current approach to water management does not change,
the water stress will reach 178% in 2060. According to the RCP 8.5 climate scenario, water stress will reach 238%
in 2070.

As was indicated above in this case for scenario RCP 4.5 extra water stress proportion which is equal to 78% will
correspond to amount of extra water abstraction from rivers by reducing the water left as an environmental flow
in amount of 78% of existing water yield. For scenario RCP 8.5 this will be 138% of existing water yield
accordingly.

This shows that if there is no adaptation measure then there will be serious problem with environmental flow
provision because of exceedance of the amount abstracted from rivers volume of water of available water yields.
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Further increase of irrigation water abstraction (in result of increasing of irrigated land areas) or drinking water
demands (as result of population increase) may lead to extra reduction of water left in river as an environmental
flow and in some cases, rivers can dry as result.

The table 3 shows the average amounts of water resources under the influence of various factors listed above.

Table 3 Average decennial estimates of water resources and water stress obtained under the first scenario

Years | RCP 4.5 climate subscenario RCP 8.5 climate subscenario
Total water
Water Water Water deficit for | Water Water Water deficit for withdrawals,
resources | stress environmental resources | stress environmental 106 m3
needs 10° m? 10° m? needs 10° m?
2020-
2030 20941.38 |119.3 -2103.63 2053594 | 122.75 |-2509.06 13045
2030-
2040 19887.81 133.08 |-3257.19 18692.19 | 145.56 |-4452.81 13145
2040-
2050 19077.92 | 145.96 |-4167.08 17232.75 [169.02 |-6012.25 13245
2050-
2060 18469.58 | 157.64 |-4875.42 16087.75 |192.29 |-7257.25 13345
2060-
2070 17861.25 | 171.12 |-5583.75 14942.75 |222.46 |-8502.25 13445

As can be seen from the table, water resources will be declining for decades. Negative environmental flow values
mean that some of the water used now and, in the future, had to be stored for the environmental needs of the rivers.
Currently, the amount of water to be stored in rivers is considered to be 10 billion m?, but it is possible to store
only 8 million m®, and this figure will decrease in the future. For example, according to RCP 4.5 scenario, only
50% of the water that should be stored in rivers in 2060-2070 will be retained. According to the RCP 8.5 scenario,
environmental flows will comprise of 20% of the total requirements.

Scenario 2: Realistic water supply scenario

The second scenario (Figure 7) envisages the gradual improvement of water resources management in the country
and the reduction of water losses. This will allow water abstraction from rivers to be reduced from the current 13
billion m* to 10.4 billion m? in 2040 and 8.3 billion m> meters in 2070. Reducing water losses by reducing the
amount of water withdrawn from water sources will help minimize the negative effects of climate change under
RCP 4.5, and even improve the situation slightly. Thus, the water stress will decrease from 114% in 2021 to 110%
percent in 2040 and 109% in 2070. This means that by Improving water management and implementing best
practices in all water use sectors, it will be possible to completely neutralize the negative effects of climate change
under RCP 4.5 sub-scenario. However, this is not the case with RCP 8.5. However, according to the RCP 8.5
climate sub-scenario, the FAO water stress will be 124% and 147% in 2040 and 2070, respectively. This means
that even if all possible adaptation measures are taken within the country, water stress will increase according to

the RCP 8.5 sub-scenario. However, at the same time, the second scenario does not seem to be much different
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from the current one, and it will be possible to minimize the impact of climate change by achieving effective

approaches to national water management.

Figure 7 Scenario 2 Water stress according to RCP 4.5 and RCP 8.5 climate sub-scenarios
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Table 4 shows the estimates of water resources, water stress and water to be stored in rivers for environmental
needs in the second scenario. The table shows that in the second scenario, the water stored for environmental needs
will be lower than needed amount of water. For example, the value of minus 1735.77 min m® shown in the table
for 2020-2030 means that there will be a shortage of 1,735 mln m? of 10000 mln m* of water for environmental
needs. This deficit will increase and reach minus 2576.75 mln m® in 2060-2070 according to RCP 8.5. According
to RCP 4.5, this figure will be significantly lower - minus 770 min m>.

A comparison of the first and second scenarios reveals the advantages of the second scenario, which is reflected
in the reduction of the cost of water stress. For example, in the second scenario, the maximum value of water stress
for RCP 8.5 appears to be 145%, whereas in the first scenario, this figure rises to 279%. At the same time, in the
second scenario, we see a significant improvement in water supply for both RCP 4.5 and RCP 8.5. This, of course,
is mainly due to the reduction of water losses.

Table 4 Average decennial estimates of water resources and water stress obtained under the second scenario

RCP 4.5 climate subscenario RCP 8.5 climate subscenario
: : Total water
Years Water deficit for Water deficit for ;
Water Water environmental Water Water environmental withdrawals
resources stress resources stress
needs needs
2020-
2030 20941.38 | 113.16 -1442.84 20648.44 | 116.36 -1735.77 12384.21
2030-
2040 19887.81 111.39 -1127.98 19054.69 | 121.75 -1961.10 11015.79
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22(2;;%_ 19077.92 | 110.36 -940.75 17845.25 | 127.76 -2173.42 10018.67
2050-

2060 18469.58 | 110.10 -855.75 16950.25 | 134.25 -2375.08 9325.33
2060-

2070 17861.25 | 109.80 -770.75 16055.25 | 142.67 -2576.75 8632

As one can see from tables because of existing current and future water deficits both climate scenarios don’t
allow further increase of irrigation water abstraction (as a result of increasing of irrigated land areas) or drinking
water use as it may lead to extra reduction of water left in the rivers for environmental flow requirements and in
some cases rivers can dry as result.

Scenario 3: Targeted water supply scenario-National and Transboundary scales

The third scenario is called the Targeted water supply scenario (Figure 8). According to this scenario, Azerbaijan,
a downstream country, must both improve water management on its territory and prevent the increase in
transboundary water intakes, and reduce them if possible. This scenario, like other scenarios, was calculated based
on RCP 4.5 and RCP 8.5 semi-scenarios.

As can be seen from the figure, in the third scenario, the water stress is expected to decrease from 115% to 90%
in 4.5 climate sub-scenarios. This decrease is mainly due to the gradual reduction of water abstraction from rivers.
4.5 Even if the natural water supply for climate sub-scenario is reduced, a gradual reduction in water losses will
not only prevent the negative effects of climate change, but also help reduce water stress by more than 20 percent.
In other words, water conservation will not only prevent the negative effects of climate change in the future, but
will also provide renewable water sources with better environmental flow.

However, the situation is slightly different in the RCP 8.5 climate semi-scenario. Thus, despite adaptation
measures, water stress in the country will gradually increase from 115% to 121%. Even in this half-scenario, the
situation will not worsen and the impact of climate change will be minimized. This type of change in the water
stress in the third scenario shows that the country has a strong potential to adapt to the effects of climate change,
and the proper use of this potential will both improve water supply in the future and provide more environmental
flow for water sources.

Figure 8 Scenario 3 Water stress according to RCP 4.5 and RCP 8.5 climate scenarios
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Table 5 shows the changes in water stress and water resource prices for the third scenario. It is stated that the fact
that water intakes are 30-40 percent lower than today will prevent an increase in the water stress . According to
the RCP 4.5 semi-scenario, water left in river will be by 341.75 thousand m?® more than one is needed for
environmental flow. Excess water for environmental needs means that there will be enough water for all other
needs.

Table 5 Average decennial estimates of water resources and water stress obtained under the third scenario (mln
3
m-)

RCP 4.5 climate subscenario RCP 8.5 climate subscenario
Water deficit Water deficit Total water
Years Water Water for Water | Water for withdrawals
resources stress environmental | resources | stress | environmental
needs needs
2020- 21056.56 111.98 -1327.65 20760.94 | 115.1 -1623.27 12384.21
2030
2030- 20250.31 107.44 -765.48 19417.19 117 -1598.6 11015.79
2040
2040- 19690.42 103.38 -328.25 18457.75 | 118.46 -1560.92 10018.67
2050
2050- 19332.08 99.92 6.75 17812.75 | 119.37 -1512.58 932533
2060
2060- 18973.75 96.18 341.75 17167.75 | 120.44 -1464.25
2070 102

The table also shows that according to RCP 8.5, water resources in Azerbaijan will be 17.1 km3 in 2060-2070.
While 10 billion m? should be stored in rivers for environmental needs, 1.4 billion m? less water will be stored. Of
course, this will create some stress for renewable freshwater sources, but the situation will not be on the verge of
crisis It should be noted that currently the amount of environmental flow for the rivers of Azerbaijan is slightly
more than 2 billion m?® This means that in the third scenario, even with the severe effects of climate change, the
level of environmental supply will partially improve.

It should also be noted that because of this water deficits by RCP 8.5 climate scenario there won’t be possible
further increase of irrigation water abstraction(in result of increasing of irrigated land areas) or drinking water
use as it may lead to extra reduction of water left in river as an environmental flow and in some cases rivers can
dry as result.

Conclusions

The analyzed scenarios show that in order to fully meet the water needs of the country and reduce water shortages,
effective water management must be established in the country, as well as transboundary water cooperation with
upstream countries.

The analysis of the first scenario shows that if no action is taken, Azerbaijan will become a country experiencing
severe water stress, which in turn will have a negative impact on all water-related livelihoods.

This shows that if there is no adaptation measure then there will be serious problem with environmental flow

provision because of exceedance of the amount of abstracted from rivers over the volume of available water.
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Further increase of irrigation water abstraction (as a result of increasing of irrigated land areas) or drinking water
demands (as a result of population increase) may lead an extra reduction of environmental flow left in river or in
some cases rivers can dry as result.

The analysis of the second scenario shows that even if there are no changes in transboundary water intake,
significant results can be achieved by improving water management in the country. That is, even if deficiencies in
transboundary water management have negative consequences, these effects can be balanced by implementing
effective water policies within the country. Scenario analysis shows that effective water policy can be achieved,
first of all, by reducing water losses.

According to the third scenario, water management can be significantly improved both by strengthening domestic
and cross-border water cooperation. If cross-border water intakes do not increase in the future and remain at current
levels, effective water management in the country and the elimination of water losses will help to successfully
minimize the negative effects of climate change.

It should be noted that further increase of irrigated land areas should happen depending of degree of adaptation
measures by scenarios to avoid an extra reduction of environmental flow left in river.
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Abstract

The increased cyclone activity in the Mediterranean in recent years has highlighted the need for various measures in
Mediterranean countries. On September 25, 2018, a tropical-like cylone developed in the Eastern Mediterranean. The
storm made landfall on September 29 with its highest intensity, causing significant material damage to infrastructure,
air transportation, and agricultural areas in the surrounding countries. Additionally, the sudden and intense rainfall
led to floods in residential areas. In this study, using various atmospheric boundary layer parameterizations of the
WRF-ARW (Weather Research and Forecasting-Advanced Research WRF) numerical weather prediction model, the
development of predictions for these systems, particularly affecting the western and southwestern parts of Tiirkiye
during the times when they affect the coastal region in Mediterranean countries, is aimed to be assessed. Specific
meteorological observation stations on the western coasts of Tiirkiye were determined, and through 6 experimental
groups, the relationship between meteorological variables observed and predicted values was examined using
Pearson, Spearman, Root Mean Square Error, and Bias methods. The parametrization result successful on a regional
scale among the experimental groups was presented through mathematical evaluations. Overall, considering the
evaluations at the stations, it is observed that EXP03 and EXP06, along with EXP02, EXP04, and EXP05, show

stronger correlations with low error values.

Keywords: Mediterranean Cyclone, Medicane, WRF-ARW, Sensitivity of Physical Process, Parameterization,

Turbulence, Extreme weather conditions.
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1. Introduction

Mediterranean cyclones are deep low-pressure systems that form as a result of the interaction between climatic
characteristics, topography, and environmental factors in the Mediterranean region. This article examines the
formation, development, and movement mechanisms of Mediterranean cyclones, as well as triggering factors and
occurrence times. Mediterranean cyclones are significant meteorological events that greatly influence the climate in
the Mediterranean region. These cyclones form through complex processes guided by temperature gradients, sea
surface temperatures, wind patterns, and other environmental factors. Several fundamental mechanisms contribute to
the formation of Mediterranean cyclones. These mechanisms include thermal temperature gradients, the movement of
cold air masses over warm sea surfaces, orographic effects, and convergence-tilting mechanisms. The convergence of
these factors results in the formation of low-pressure centers and initiates cyclonic rotation. Primary occurring factor
of these cyclonic motions is horizontal temperature gradients and difference between sea surface temperature-
atmospheric temperature (850, 700 and 500 hPa). Among the triggering factors of Mediterranean cyclonic movements,
sea surface temperatures reaching critical values of 26°C-27°C can be mentioned. Especially after the late arrival of
the summer season, water masses experience delayed energy loss compared to land, resulting in significant temperature
differences between land and water masses during autumn and winter months. During these seasons, continuous low-
pressure areas centered around Northern Europe and Russia start to deepen and strengthen. The strengthening of these
cold-low centers leads to the descent of atmospheric jet streams, particularly the polar jet streams, down to 30°
latitudes. This situation results in a large-scale interaction between the relatively warm water masses in the
Mediterranean and the cold air masses, leading to significant instability and water vapor formation. Mediterranean
cyclones are a significant part of meteorological events in the Mediterranean region. The mechanisms of formation,
triggering factors, and occurrence times interact in a complex manner. A more detailed analysis of these factors can
help better understand the predictability and impacts of Mediterranean cyclones. Factors such as atmospheric
instability, a moisture source, and irregularity are necessary for the intensification and increased intermittency of
Mediterranean cyclones over time. These cyclones or storms can also be referred to as "Medicanes," a term coined
because they are defined as hurricanes in the Mediterranean (Mediterranean Hurricane). Mediterranean cyclones are
generally more pronounced during the autumn and early winter months. This is due to the more significant temperature
gradients in the atmospheric layers during the seasonal transition processes following summer, and the interaction of
cold air masses with warm sea surfaces. These conditions encourage cyclonic development. However, Mediterranean
cyclones can occur throughout the year with varying intensities and frequencies.
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Figure 1. Seasonal number of medicane on Mediterranean basin [1].

This cyclonic system results in various effects such as intense rainfall, large cumulonimbus cells, strong winds, massive
waves, and in some cases, highly destructive storm surges. These conditions can cause significant damage to inland
areas, leading to catastrophic structural damage and infrastructure issues in cities. From the perspective of urban safety
and emergency planning management, it is important to predict where hurricanes will make landfall and how severe
they will be. The forecasting and categorization methods developed play a crucial role in determining the roles
governments need to play in such situations and in overcoming disasters with minimal damage. These destructive
hurricanes result in extremely powerful winds (>80 knots) and, under suitable conditions, lead to the formation of
windstorms. Hurricanes lead to adverse conditions such as extreme injuries, fatalities, and forest disarray, forming a
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mesoscale vortex and particularly affecting the central and western regions of Tiirkiye [2]. The rise in cyclonic activity
in the area can be attributed to the assessment of processes within the formation mechanisms, especially due to climate
change. Forecasts suggest that the surface temperature of the Mediterranean Basin will increase due to climate change,
with a projected decrease in precipitation by the year 2050. The rise in surface temperature in the region is estimated
at 1.54°C, while the increase in sea surface temperature stands at 0.4°C. This encompasses changes in temperatures,
precipitation patterns, and the occurrence and intensity of extreme weather events. Additionally, it implies alterations
in land and sea usage, pollution levels, air quality, and other contributing factors. While most climate models converge
on a significant reduction in Mediterranean rainfall, there are some findings that indicate notable discrepancies in both
magnitude and direction for these anticipated changes. Even if future global warming is limited to the 2°C target
outlined in the UNFCCC Paris Agreement, there's a risk of a 10-30% decrease in summer rainfall in certain regions.
Such a decline would exacerbate existing water scarcity issues and heighten the demand for irrigation to maintain
agricultural productivity, especially in countries situated along the southern rim of the Basin [3]. Mediterranean
hurricanes have shorter lifespans as they are not fueled by open ocean waters; the Mediterranean Sea is surrounded by
landmasses. Therefore, they are typically observed at Category 1 or maximum Category 2+ levels, similar to hurricanes
occurring in the Americas. However, the World Meteorological Organization has decided that for such hurricanes
occurring in the Mediterranean, wind speeds should be evaluated over shorter durations. As shown in Table-1,
classification is determined by considering jumps in wind speeds over minutes or 10-minute intervals, enabling the
determination of the stage at which a structure forms over the sea.

Table 1. Mediterranean hurricane wind classification and forms.

Maximum Wind Observation Mediterranean Mediterranean Medicane
Scale Tropical Depression Tropical Storm

63—111 km/hr (18-30

<62 km/hr(< 17 m/s; m/s; 39-69 mps: 3460

< 38 mps; < 33 knot)

> 112 km/hr (=31 m/s; >

1 Minute Mean 70 mps; > 61 knot)

knot)
10 Minute Mean <54 km/hr (£ 14 m/s; 56-98 km/hr (15-27 =99 km/hr (= 28 m/s; > 62
<33 mps; <29 knot) m/s; 35-61 mps; 30-53 mps; > 54 knot)
knot)

This study aims to evaluate the consistency of experiment groups created using various atmospheric boundary layer
options of the WRF-ARW numerical weather prediction model concerning the real weather event of the Zorbas
Mediterranean Hurricane. The study utilizes meteorological observation station datasets obtained from the Turkish
State Meteorological Service to determine the most optimal regional conditions for Mediterranean hurricanes.

Figure 2 and 3 represented tilting factor parameters of cyclonic motion and level data taken by ERAS (European Centre
for Medium-Range Weather Forecasts Reanalysis 5) reanalysis 0.25°x0.25° spatial resolution monthly reanalysis data.
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Seasonal Sea Surface Temperature Anomaly 2018 Ref: 19402016

1940-2016 2018

2018 Anomaly

Figure 2. Mediterranean basin 1940-2016 sea surface temperature average and 2022 comparison.

When evaluating sea surface temperature assessments, the Mediterranean generally appears filled with red in anomaly
maps, except during the winter season. This signifies a warming of between 1°C to 2°C. In the summer months,
temperature increase values exceeding 2°C have been observed for all years. Particularly high sea surface temperatures
have been detected in the northwest of Libya, off the coast of Tunisia, along the southern coast of Italy, and along the
southern coast of France compared to the reference period. A notable feature of the points where temperatures increase
in anomalies is that they correspond to areas where Mediterranean hurricanes are known to intensively form.
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Figure 3. According to reference period 1940-2016 seasonal evaluations, a. 700hPa temperature anomaly, b. 500hPa
temperature anomaly, c. 700hPa cloud liquid water content anomaly, d. 500hPa cloud liquid water content anomaly,

e. 700hPa relative humidity anomaly, f. 500hPa relative humidity anomaly, g. 700hPa specific humidity anomaly, h.
500hPa specific humidity anomaly.

When examining anomalies in cloud water content, a general decrease is observed over terrestrial areas during the
winter and spring seasons, while increases are observed during the summer and autumn seasons. Looking at the
averages, values evaluated at 0.0035 kg/kg show approximately 33% changes with an increase or decrease of 0.0010.
Increases in averages at the 700hPa level represent an increase in cloud water content in the atmosphere, hence an
indication of the availability of moisture conducive to precipitation. The inference drawn from areas experiencing
increases aligns with areas where sea surface temperatures have increased, indicating that in addition to the increased
sea surface temperature, the amount of water at a certain altitude in the atmosphere has also increased, leading to
reaching critical values of water content and sea surface temperature required for hurricanes. Thus, the conditions
necessary for increased cyclonic activity are increasing in some areas, which partly explains the frequency of events
in recent years. However, these variables alone are not sufficient to explain the increase in this activity. Looking at the
evaluations of specific and relative humidity at 700hPa, it indicates a decreasing trend in humidity values in relatively
stable terrestrial areas during the winter seasons. Specific humidity values in kg/kg, especially when looking at the
coastal areas of the Mediterranean Sea, show an increasing trend in areas matching the locations of hurricane activities
during the summer and autumn seasons. Relative humidity values are relatively lower and stable. However, looking at
the areas experiencing increases, they include the Ionian Sea, off the coast of Libya, southwestern Tiirkiye, and
southern Italy. These areas are noteworthy as they are regions where hurricane development can occur during the
summer and autumn, as mentioned at the beginning of the article.

2. Data and Methods

The results obtained from numerical weather prediction models need to be statistically compared with real
observational data for meteorological variables that are important in atmospheric processes. This comparison is crucial
to assess the forecasting accuracy of the models in predicting weather events and the accuracy of model outputs in
simulating past events. Comparing model outputs with real observations helps understand how well the model can
predict. It indicates how accurate and precise the model predictions are. The comparison is made to determine how
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accurately the model predicts or approximates the real values. Verification scores can be used to quantitatively evaluate
these comparisons. Comparisons are made to identify the weaknesses and errors of the model. This information can
guide the updating and improvement of the model. New training methods or parameter adjustments can be attempted
to reduce the difference between model outputs and real observations.

2.1. Observation Stations and Parameters

According to selected station data obtained from the Turkish State Meteorological Service (MGM), the nearest points
to station locations have been reduced to station latitude and longitude using the interpolation method. Table 3 provides
the latitude and longitude information of the MGM stations examined in comparison with the model. Meteorologically,
the relationships between model outputs and observation points have been examined in terms of 2-meter temperature,
10-meter wind speed, total and hourly precipitation amounts, 2-meter relative humidity, and surface pressure values
using root mean square error, Pearson, Spearman correlation coefficients, and bias method. Observation data and model
experiment results were compared hourly for the time period from September 29th, 2018, to October 2nd, 2018.

Table 2. Observed meteorological station information table.

Station National Code Station Name City Latitude (N) Longitude (E)
17111 Bozcaada Canakkale  39.8326° 26.0728°
17175 Ayvalik Balikesir 39.3113° 26.6861°
17298 Marmaris Mugla 36.8395° 28.2452°
17627 Bodrum/Turgutreis Marina ~ Mugla 37.0003° 27.2595°
18032 Karaburun [zmir 38.6401° 26.5081°
18808 Didim Akbiik Aydin 37.4128° 27.4289°

ol 1o

(LI TE P E) o

e WAt

Figﬁre 4. Station location and case study (Zorbas Medicane) path map.

2.2. Numerical Weather Prediction Inputs

The WRF-ARW numerical weather prediction model was run using ERAS data with a resolution of 25° x 25°. The
variables were extracted at the following pressure levels: 1 hPa, 2 hPa, 3 hPa, 5 hPa, 7 hPa, 10 hPa, 20 hPa, 30 hPa,
50 hPa, 70 hPa, 100 hPa, 125 hPa, 150 hPa, 175 hPa, 200 hPa, 225 hPa, 250 hPa, 300 hPa, 350 hPa, 400 hPa, 450 hPa,
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500 hPa, 550 hPa, 600 hPa, 650 hPa, 700 hPa, 750 hPa, 775 hPa, 800 hPa, 825 hPa, 850 hPa, 875 hPa, 900 hPa, 925
hPa, 950 hPa, 975 hPa, 1000 hPa. The variables at these levels included geopotential, relative humidity, specific
humidity, temperature, u-component wind, v-component wind. Surface data 